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COMPOSITIONS AND METHODS FOR DENDRITIC CELL-BASED 

IMMUNOTHERAPY 

This application claims priority of U.S. Provisional Application No. 60/193,504 filed 
March 30, 2000, which is incorporated in its entirety herein by reference. 



Field of the Invention 

10 The present invention relates to an immunostimulatory fusion protein comprising a 

polypeptide antigen sequence component and a sequence component derived from the 
intracellular domain of the HER-2 protein which is effective to generate a protective DC- 
induced, T cell-mediated immune response against the polypeptide antigen; dendritic cells 
treated with such a composition and methods for immunotherapy using the fusion protein. 

15 

Background of the Invention 

The HER-2/er6B-2 (also called neu) gene encodes a transmembrane glycoprotein of Mr 
185,000 (pi 85) possessing intrinsic tyrosine kinase activity (Akiyama et aL, 1986, Science 
232: 1644) and displaying extensive homology to the epidermal growth factor (EGF) receptor 

20 (Coussens etaL, 1985, Science 230: 1132). 

Several lines of evidence suggest a link between the amplification of HER-2 and 
neoplastic transformation. Amplification and overexpression of the HER-2 proto-oncogene 
occurred in human breast and ovarian cancers and correlated with both poor prognosis and 
decreased survival in patients (Slamon et aL, 1987, Science 235: 177; Slamon et aL, 1989, 

25 Science 244: 707). 

In experimental systems, tumor antigen specific cytotoxic T lymphocytes (CTL) are the 
most powerful immunological mechanism for the elimination of tumors. (Greenberg, 1991, 
Adv. Immunol. 49: 281). Therefore, tumor specific antigens (Ag) recognized by CTL are 
likely to function as tumor rejection Ag, capable of inducing protective immunity in vivo, 

30 CTL recognize class I molecules containing peptidic fragments of intracellular proteins 

that have been transported into endoplasmic reticulum prior to their transfer to the MHC 
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molecule (Germain, 1995, Ann. NY Acad. Sci. 754:114; Heemels & Ploegh, 1995, Annu. Rev. 
Biochem. 64:463), while the bulk of class II complexed peptides presented to Th cells are 
degradation products of exogenous or cell surface proteins that enter the biosynthetic pathway 
of class II molecules via endocytosis and a subsequent fusion with lysosomes (Cresswell, 1994, 
5 Annu. Rev. Immunol. 12: 259). CTL are induced when a protein enters the major 

histocompatibility complex class I ("MHC I" or "class I") pathway of antigen processing. To 
enter this pathway the protein must be present in the cytosol of an antigen presenting cell 
(APC). There it is degraded into peptides which are then transported into the endoplasmic 
reticulum, where they associate with HLA class I molecules. These peptides are then displayed 

10 together with the class I molecules on the cell surface and can serve as an inducer and target of 
class I restricted antigen-specific CTL (Rothbard etal., 1987, Nature 326: 881). 

The priming of an immune response expands and activates "naive" lymphocytes, i.e., 
those that have not previously seen a given immunogen such that they become "effector" cells 
that actively respond. Each naive cell has the potential for seeing one and only one antigenic 

15 epitope, a situation analogous to a key fitting into a lock. Only those cells that recognize their 
cognate epitope become effector cells. 

T-cells can be of the "helper" or "cytotoxic" type. Helper T cells secrete growth 
factors for lymphoid cells that stimulate the activation and function of B and T cells. The 
cytotoxic T cells recognize and either directly, or indirectly, kill cells that express a particular 

20 antigen. Like B cells, each T cell has receptors specific for one and only one antigenic 

epitope. T cell receptors recognize fragments of proteins that are displayed on the cell surface 
by major histocompatibility complexes (MHC). The in vivo induction of CTL has typically 
been accomplished by immunization with live virus or cells (Tanaka, et al., J. Immunol., 
(1991), 147, 3646-52, Wang, et al., J. Immunol., (1995), 4685-4692). A characteristic of DC, 

25 a potent subset of APC, is their ability to trigger in vivo responses of naive CD8 + cytotoxic T- 
lymphocytes (CTL), after being pulsed with antigen (Ridge et al. 1998 Nature 393:474). 

Besides their immature (resting or precursor) form, DC exist in two mature states: 
activated and superactivated. Activated DC can stimulate CD4 + T helper cells, but not CD8 + 
cytotoxic T cells (CTL), while superactivated DC posses the ability to stimulate CD8 + CTL. 

30 Although tumor cells may express protein antigens that are recognized as foreign by 

the subject, and immune surveillance may limit the growth and spread of some types of 
tumors, the immune system does not always protect the subject from lethal human cancers. 
Such tumors may overwhelm the immune system due to rapid growth and spread and/or the 
tumor cells may evade immune destruction. Proposed mechanisms for such evasion include, 

35 but are not limited to, (1) down-regulation of Class I MHC antigens on the surface of tumor 

cells resulting in little or no complexing of processed tumor peptide antigens with Class I MHC 
as required for recognition by cytotoxic T lymphocytes (CTL), (2) a lack of activation of CTL 
due to little or no expression of Class II MHC molecules by tumor cells such that they cannot 
directly activate tumor-specific CD4+ helper T cells (which produce signals likely to be 

40 needed for CTL activity), (3) a lack of co-stimulation cell surface markers that provide 

secondary signals for activation of CD4 + helper T cells, and (4) factors produced by tumor 
cells that suppress anti-tumor responses, such as fas-ligand (Abbas, A.K. et al. y Eds., 
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Cellular and Molecular Immunology, 3 rd edition, W.B. Saunders Co., 394-405, 
1997). 

It is therefore desirable to provide a means for eliciting CTL responses against tumor- 
specific proteins. CTL can be induced either in vivo with vaccines or can be generated in vitro 
5 and then be re-infused into the tumor-bearing organism. 

Summary of the Invention 

The invention is directed to an immunostimulatory fusion protein which includes a 
polypeptide or protein antigen sequence component and a sequence component derived from the 
10 intracellular domain of the HER-2 protein and is effective to elicit an immune response to the 
polypeptide or protein antigen sequence component of the fusion protein. 

In one aspect, the HER-2 intracellular domain sequence component of the 
immunostimulatory fusion protein has the sequence presented as SEQ. ID. NO: 25. 

In another aspect, the polypeptide or protein component is associated with tumor cells or 
15 the causative agent of an infectious disease. 

In general, the immunostimulatory fusion protein is produced by translation of a 
continuous nucleic acid coding sequence. However, the fusion protein may also be produced by 
chemical coupling. 

In one preferred embodiment, the polypeptide or protein component of the fusion protein 
20 is the mature HER-2 membrane distal extracellular domain sequence presented as SEQ. ID. 
NO: 23. Examples of such fusion proteins and the associated amino acid sequences are: 
HER500 (SEQ ID NO: 1), HER50OhGM-CSF (SEQ ID NO: 2), HER500* (SEQ ID NO:3) 
and HER500*»rGM-CSF (SEQ ID NO: 4). 

The invention provides an immunostimulatory fusion protein composition which can 
25 mediate a dendritic cell-induced, T cell-mediated immune response. 

In one aspect, the immunostimulatory fusion protein composition comprises a 
polypeptide or protein antigen sequence component and a sequence component derived from the 
intracellular domain of the HER-2 protein. 

In a related aspect, the immunostimulatory fusion protein composition comprises 
30 dendritic cells activated by in vitro exposure to an immunostimulatory fusion protein of the 
invention alone, or in combination with the immunostimulatory fusion protein. 

The invention also provides a method of producing superactivated DC, by exposing DC 
to an immunostimulatory fusion protein of the invention, in a manner effective to result in an a 
cellular immune response to the polypeptide or protein antigen sequence component of the fusion 
35 protein. In practicing the method, DC may be exposed to immunostimulatory fusion protein in 
vitro or in vivo. 

The invention provides methods, and compositions, for use immunotherapy of primary 
or metastatic cancers that are associated with a particular antigen. DCs are obtained from a 
human donor, exposed to an immunostimulatory fusion protein of the invention in a manner and 
40 for a time effective to result in antigen-loaded superactivated DC. The latter are then 

administered to a subject who has a cancer associated with expression of the polypeptide or 
protein component of the immunostimulatory fusion protein, resulting in an immunotherapeutic 
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growth inhibiting response against the primary or metastatic cancer or tumor. In such cases, 
administration of such superactivated DC may be carried out in combination with co- 
administration of an immunostimulatory fusion protein to the patient. 

In another related approach, the invention provides a method of treating cancer where the 
5 cancer is associated with the expression of a particular antigen, by administering an 
immunostimulatory fusion protein of the invention to a patient diagnosed with the cancer in a 
manner effective to result in an immune response to the polypeptide or protein antigen sequence 
component of the fusion protein. 

In one exemplary embodiment of these aspects of the invention, the cancer is breast 
10 carcinoma, ovarian cancer or colon cancer and the polypeptide or protein antigen sequence 
component of the immunostimulatory fusion protein is the mature HER-2 membrane distal 
extracellular domain sequence presented as SEQ. ID. NO: 23. 

Brief Description of the Drawings 

15 Figure 1 shows the response of the interleukin-2 (IL-2) secreting mouse MHC class I 

dependent CD8 + T cell hybridoma, B3Z [specific for the chicken ovalbumin "OVA" derived 
immunodominant peptide SIINFEKL (Jameson et al., 1993, J. Exp. Med. 177: 1541)], to 
various antigens (Ag) presented by syngeneic superactivated dendritic cells (DC). CPM refers 
to counts per minute; cpm refers to a difference between the absolute cpm for a given test 

20 group minus the background cpm value obtained in the absence of the soluble Ag (in the 

experiment shown the latter was 9,581). The composition of the various antigens is indicated 
in the figure is described below. 

Figure 2A shows the results of an experiment directed to the effect of pre- 
immunization with Ag-pulsed superactivated DC on the survival of mice up to 42 days after 

25 challenge with tumor cells, using "None" (open squares), "HER300*»rGM-CSF" (closed 
triangles) and HER500* # rGM-CSF (open circles), as the immunizing antigen. 

Figure 2B shows the results of another experiment directed to the effect of pre- 
immunization with Ag-pulsed superactivated DC on the survival of mice up to 77 days after 
challenge with tumor cells, using "None" (open circles, 7 mice), "HER500*" (open squares, 7 

30 mice), HER500*»rGM-CSF (closed triangles, 8 mice), "HER500" (closed circles, 7 mice), 
and HER50OhGM-CSF (closed diamonds, 7 mice), as the immunizing antigen. 

Figure 3 shows the results of an experiment directed to the effect of post-infection 
immunization with Ag-pulsed superactivated DC on the survival of mice (10/group) up to 63 
days after tumor cell injection, using "None" (closed squares), "HER500* # rGM-CSF" (closed 

35 triangles), HER500 (closed diamonds), and "HER50OhGM-CSF" (open circles) as the 
immunizing antigen. 

Detailed Description of the Invention 
I. Definitions 

40 Unless otherwise indicated, the terms below have the following meanings: 

As used herein, "presentation of soluble protein antigens in the context of major 
histocompatibility complex class I molecules (MHC I)" means the soluble protein antigen or 
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fragments thereof, are displayed together with major histocompatibility complex class I 
molecules on the cell surface and can serve as an inducer and target of class I restricted 
antigen-specific CTL. 

As used herein, the term "pulse" means exposure of APC to antigen for a time 
5 sufficient to promote presentation of that antigen on the surface of the APC. 

As used herein, the term "modified antigen presenting cells" (modified APC) or 
"modified dendritic cells" (modified DC) refers to a population of APC or DC, respectively, 
which have been treated (pulsed) ex vivo in manner effective to result in an enhanced ability to 
present antigen in the context of MHC class I relative to APC or DC which have not been so 
10 modified. 

The term "more effectively" when used herein relative to the presentation of soluble 
proteins antigens means at least a 2-fold increase in the magnitude of detectable T cell response 
following presentation of a soluble protein antigen by APC. For example, this means that at 
least a 2-fold increase in the magnitude of T cell response is detected following presentation of 
15 a given antigen by a designated number of APC relative to magnitude of T cell response 

obtained when a different or modified antigen is presented by the same number of APC under 
the same culture conditions and at an equimolar Ag concentration. 

As used herein, "antigen presenting cells" (APC) are any cells which, after being 
pulsed with Ag, can activate T-lymphocytes. 
20 As used herein, "dendritic cells", or "DC", are the most potent subset of APCs that are 

typically large veiled cells which extend dendrites when cultured in vitro. 

As used herein, "activated DC" are mature DC that can stimulate CD4 + helper T cells, 
but not CD8 + cytotoxic T cells (CTL). 

As used herein, "superactivated DC" are mature DC that can stimulate CD8 + cytotoxic 
25 T cells (CTL). 

As used herein, the term "allostimulatory" means capable of stimulating allogeneic T 
cells due to differences in MHC molecules expressed on the cell surface. 

An "antigen" or "Ag" refers to a substance that reacts alone or in the context of MHC 
molecules with the products of an immune response (e.g., antibodies, T-cell receptors) which 
30 have been stimulated by a specific immunogen. Antigens therefore include the specific 

immunogens giving rise to the response (e.g. , antigenic peptides, proteins or polysaccharides) 
as well as the entities containing or expressing the specific immunogens (e.g., viruses, 
bacteria, etc.). 

As used herein, "immunogen" refers to a substance that is able to stimulate or induce a 
35 humoral antibody and/or cell-mediated immune response. 

"Ag-loaded DC", include DC and various types of PBMC including professional APC 
and monocytes/macrophages, which have been exposed to an antigen and activated by the Ag. 
DC may become Ag-loaded in vitro, e.g., by culture ex vivo in the presence of a tumor Ag, or 
in vivo by exposure to a tumor antigen. 
40 As used herein, the term "superactivated dendritic cell" refers to DC or DC precursors 

which have been treated ex vivo in such a way that they have an enhanced ability to present 
antigen in the context of MHC class I relative to the untreated DC. 
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As used herein, the terms "immunostimulatory fusion protein composition" and 
"antigenic fusion protein composition", may be used interechangeably and refer to a fusion 
protein of the invention which comprises an antigenic sequence component and a HER-2 
intracellular domain sequence component alone and/or DC which have been exposed to such a 
fusion protein, as further described below. 

used herein, "OVA" refers to native ovalbumin; "*" refers to the immunodominant 
OVA-derivfe^peptide SIINFEKL; "HER500" refers to the recombinant fusion human HER-2 
protein consistihg^f one half of its extracellular portion fused to the 1/4 of its intracellular 
part; "HER500*" refig^s to the recombinant fusion protein made of HER500 and the 
10 immunodominant OVA-ctex^ved peptide SIINFEKL inserted between its extracellular and 
intracellular components; "HER§Q0**rGM-CSF" refers to the recombinant fusion protein 
~ \7 composed of HER500* and rat granuteq^e/macrophage colony-stimulating factor (GM-CSF); 
"HER500*hGM-CSF" refers to the recomfete^nt fusion protein composed of HER500 and 
human GM-CSF; and "HER300**rGM-CSF" refe?&^Qtfie recombinant fusion human HER-2 
15 protein consisting of one half of its extracellular portion fifee^ to the immunodominant OVA- 
derived peptide SIINFEKL and rat GM-CSF, as summarized 

By "protective T cell mediated response" is meant the T cell activity that leads to a 
slowing or diminution of the growth of cancer cells or a solid tumor, or a reduction in the total 
number of cancer cells or total tumor burden. 
20 By "cancer or tumor" cell is meant a cell that exhibits a loss of growth control and 

forms unusually large clones of cells. Tumor or cancer cells generally have lost contact 
inhibition and may be invasive and/or have the ability to metastasize. 

"Tumor antigens" refer to Ag associated with a particular type of cancer or tumor, 
including tumor-associated Ag and tumor-specific Ag. Examples of tumor antigens are 
25 provided below in Section IIA. 

As used herein, the term "improved therapeutic outcome" relative to a cancer patient 
refers to a slowing or diminution of the growth of cancer cells or a solid tumor, or a reduction in 
the total number of cancer cells or total tumor burden. 

As used herein, the term "improved therapeutic outcome" relative to a subject 
30 diagnosed as having an infectious disease, refers to a slowing or diminution in the growth of the 
causative infectious agent within the subject and/or a decrease in, or elimination of, detectable 
symptoms typically associated with the particular infectious disease. 

II. Immune Response to Soluble Polypeptide Antigens 

35 In experimental systems, tumor antigen specific cytotoxic T lymphocytes (CTL) are the 

most powerful immunological mechanism for the elimination of tumors. CTL can be induced 
either in vivo with vaccines or can be generated in vitro and then be re-infused into the tumor- 
bearing organism. The in vivo induction of CTL is typically accomplished by immunization 
with live virus or cells (Tanaka, et al. 9 J. Immunol., (1991), 147 , 3646-52, Wang, et al. 9 J, 

40 Immunol,, (1995), 4685-4692). 

With the exception of a few special viral proteins such as the SV-40 large T antigen 
and the Hepatitis B surface antigen, injection of isolated or soluble proteins does not result in 
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induction of CTL (Schirmbeck, et aL, Eur. J. Immunol., (1993), 23, 1528-34). CTL are 
induced when a protein enters the major histocompatibility complex class I ("MHC I" or "class 
I") pathway of antigen processing. To enter this pathway the protein must be present in the 
cytosol of an antigen presenting cell (APC). There it is degraded into peptides which are then 
5 transported into the endoplasmic reticulum, where they associate with HLA class I molecules. 
These peptides are then displayed together with the class I molecules on the cell surface and 
can serve as an inducer and target of class I restricted antigen-specific CTL. Physiologically, 
only proteins that are endogenously synthesized by the APC enter this pathway. 



10 those that have not previously seen an immunogen to become "effector" cells that actively 
respond. Each naive cell has the potential for seeing one and only one antigenic epitope, a 
situation analogous to a key fitting into a lock. Only those cells that recognize their cognate 
epitope become effector cells. 



15 growth factors for lymphoid cells that stimulate the activation and function of B and T cells. 
The cytotoxic T cells recognize and either directly, or indirectly, kill cells that express a 
particular antigen. Like B cells, each T cell has receptors specific for one and only one 
antigenic epitope. T cell receptors recognize fragments of proteins that are displayed on the 
cell surface by major histocompatibility complexes (MHC). 

20 There are two different types of MHC proteins, Class I and Class II, both of which 

present proteolytically degraded fragments of proteins to T cells. Class I molecules which are 
expressed on most cells of the body and present fragments of endogenously synthesized 
proteins to cytotoxic T cells. Class II molecules which are expressed on specialized antigen 
presenting cells (APCs) such as macrophages, monocytes, dendritic cells and B cells present 

25 protein fragments to T helper cells. (Chen, CH and Wu, TC, J Biomed Sci., 5(4):231-52 
1998). 

In most cases, Class I molecules present foreign proteins synthesized in a cell. For 
presentation by Class II, the foreign protein either can be synthesized in the cell or taken up by 
the cell from the outside {i.e. , presented in the form of a free protein or peptide). If an antigen 

30 is synthesized in a cell and presented by both Class I and Class II molecules, both antibody 
producing B cells and cytotoxic T cells are produced. However, if an antigen originated 
outside of a cell and is expressed only by Class II, the specific immune response is largely 
limited to T helper cells and antibody production, [the scientific FUTURE OF dna for 
IMMUNIZATION, American Academy of Microbiology, Robinson, et aL, Eds., 1-29, 1997] 

35 Accordingly, the typical response to soluble protein antigens is a Class II mediated 

response. The present invention represents compositions and methods which allow soluble 
protein antigens to enter the Class I presentation pathway. 

In addition, some progeny of antigen-stimulated T cells do not develop into effector 
cells, but become memory cells that are capable of surviving for long periods of time in the 

40 absence of additional antigenic challenge. Such memory cells are quiescent and do not produce 
effector molecules unless they are stimulated by antigen. (See, e.g. , Abbas, AK et al. , Eds. 



The priming of an immune response expands and activates "naive" lymphocytes, i.e., 



T-cells can be of the "helper" or "cytotoxic" (cytotoxic) type. Helper T cells secrete 
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CELLULAR AND MOLECULAR IMMUNOLOGY, W.B. Saunders Co., pages 116-123; 130-134, 
1997). 

Naive T cells (or T cells that have not been previously exposed to a given antigen) 
require only the correct MHC I-restricting molecule to survive, however to expand, they also 
5 must be exposed to antigen. In contrast, memory T cells have a lower functional activation 
threshold that facilitates secondary responses which are more rapid and stronger than that of 
naive T cells. 



comprising a polypeptide antigen component and a sequence component derived from the 
intracellular domain of the HER-2 protein are effective to generate a protective DC-induced, T 
cell-mediated immune response against the polypeptide antigen. 

Polypeptide antigens of particular interest are those associated with cancer cells, 

15 tumors and/or infectious agents. 

For example, "tumor-specific antigens" and "tumor-associated antigens" that are 
characteristic of a particular tissue type, including particular tumor tissues find utility in the 
immunostimulatory fusion proteins of the invention. Exemplary tumor antigens include, but are 
not limited to HER-2/neu; prostatic acid phosphate (PAP); MART-1 (associated with 

20 melanoma; Coulie, etal. y J. Exp. Med. 180:35, 1994; Hawakami, etaL, PNAS 91:3515, 1994; 
Bakker, et al., J. Exp. Med. 179 :1005. 1994); the tumor rejection antigen precursors, MAGE, 
BAGE and GAGE; NY-ESO (cloned from an esophageal cancer); SART-3 (a squamous cell 
carcinoma antigen), immunoglobulin antigens specific to particular B-cell lymphomas, tumor- 
associated antigens such as carcinoembryonic antigen (CEA), p53, c-myc, neural cell adhesion 

25 molecule (N-CAM) and polymorphic epithelial mucin (PEM), in addition to any of a number 
of proteins expressed on tumor cells. 

Also of interest are antigens specific to particular infectious agents, e.g., viral agents 
including, but not limited to human immunodeficiency virus (HIV), hepatitis B virus (HBV), 
influenza, human papilloma virus (HPV), foot and mouth (coxsackieviruses), the rabies virus, 

30 herpes simplex virus (HSV), and the causative agents of gastroenteritis, including rotaviruses, 
adenoviruses, caliciviruses, astroviruses and Norwalk virus; bacterial agents including, but not 
limited to E. coli, Salmonella thyphimurium, Pseudomonas aeruginosa, Vibrio cholerae, 
Neisseria gonorrhoeae, Helicobacter pylori, Hemophilus influenzae, Shigella dysenteriae, 
Staphylococcus aureus, Mycobacterium tuberculosis and Streptococcus pneumoniae, fungal agents 

35 and parasites such as Giardia. 

HER-2, An Exemplary Antigen for use in Immunostimulatory Fusion Proteins 
Malignant tumors express a number of proteins including molecules belong to the group 
of transformation-related molecules such as the oncogene HER-2/Neu/ErbB-2. 
40 Likewise, oncogene product peptide antigens have been identified that are common to 

specific tumor types. These polypeptides find use as reagents that can generally stimulate T-cell 
responses effective to react with tumors bearing such antigens. The oncogene product peptide 
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A. Polypeptide Antigens 

The present invention is based on the discovery that immunostimulatory compositions 
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antigen, HER-2/ neu (Beckmann et al. , Eur. J. Cancer 28:322, 1992) is associated with human 
breast and gynecological cancers. 

The association of HER-2 overexpression in cancer cells with malignant phenotypes 
and chemoresistance is consistent with poor clinical outcome for patients with HER-2- 
5 overexpressing tumors. The following is a brief summary of HER-2 overexpression associated 
with various cancers: 

Amplification and overexpression of the HER-2 gene is found in 25-30% of primary 
breast cancers and is associated with a poor clinical outcome. In vitro studies of HER-2 
overexpression promoted down-regulation of the estrogen receptor (ER) in estrogen-dependent 

10 breast tumor cells (Pietras et al., 1995, Oncogene 10: 2435), consistent with clinical data that 
shows HER-2 overexpression is associated with the ER-negative phenotype (Zeillinger et al., 
1989, Oncogene 4: 109; Adnane et al., 1989, Oncogene 4: 1389), and the failure of tamoxifen 
therapy in patients with HER-2 overexpression (Wright et al., 1992, Br. J. Cancer 65:118). 

A study on colorectal cancer patients, demonstrated that the level of HER-2 expression 

15 correlated with the progression of colorectal cancer, the relapse-free period and postoperative 
survival time, and could serve as an independent prognostic factor in HER-2-positive colorectal 
cancers (Kapitanovic etal., 1997, Gastroenterology 112: 1103). 

The expression of HER-2 protein has also been described as an independent prognostic 
indicator in ovarian (Slamon etal., 1989, Science 244: 707) and endometrial cancers (Saffari et 

20 al, 1995, Cancer Res. 55: 5693). 

Overexpression of HER-2 in NIH/3T3 cells resulted in cellular transformation and 
tumor growth in athymic mice (Di Fiore et al., 1987, Science 237: 178; Hudziak et al., 1987, 
Proc. Natl. Acad. ScL USA 84: 7159). Cellular and animal experiments have shown that the 
enhanced HER-2 tyrosine kinase activity increased the expression of malignant phenotypes 

25 (Hudziak et al., 1987, Proc. Natl. Acad. ScL USA 84: 7159; Muller etal, 1988, Cell 54: 105; 
Yu & Hung, 1991, Oncogene 6:1991; Yu etal., 1993, Cancer Res. 53: 891; Zhau etal., 
1996, Prostate 28: 73). Transgenic mice overexpressing activated c-neu oncogene driven by a 
mouse mammary tumor promoter, developed synchronously multiple mammary tumors 
involving the entire glands (Muller etal., 1988, Cell 54: 105). 

30 Overexpression of HER-2 was also reported to induce resistance to chemotherapeutic 

drugs in NSCLC, gastric adenocarcinoma and breast cancers (Tsai et al., 1993, J. Natl. 
Cancer Inst. 85: 897; Tsai etal., 1995, J. Natl Cancer Inst. 87: 682; Paik etal., 1991, Proc. 
Am. Assoc. Cancer Res. 32:291; Wright etal., 1992, Br. J. Cancer 65:118). 

HER-2 peptide and polypeptide antigens can be isolated, synthesized or recombinantly 

35 expressed according to methods known in the art. The DNA coding sequence for HER- 

2/Neu/ErbB-2 may be found at GenBank Accession No. Ml 1730 (human c-erb-B-2 mRNA). 

Such isolated HER-2 antigens can be complexed with any of a number of molecules that 
enhance the immune response to the antigen, as discussed below, either chemically, or as fusion 
proteins produced recombinantly, according to methods well known in the art. 
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III. Immunostimulatorv Fusion Proteins 

The present invention is based on the discovery that immunostimulatory fusion proteins 
comprising a polypeptide antigen sequence component and a sequence component derived from 
the intracellular domain of the HER-2 protein are effective to generate a protective DC-induced, 
T cell- mediated protective immune response against the antigenic component of the fusion 
protein. 

An exemplary intracellular domain of the HER-2 protein is presented herein, however it 
will be understood that shorter fragments of the exemplary sequence may also exhibit activity. 
Most importantly, a sequence component derived from the intracellular domain of the HER-2 
protein has been demonstrated to contribute to the immunostimulatory activity of fusion 
proteins comprising such sequence components. 

An imi!TtM»Q§tinmlatory fusion protein construct of the invention may also include one or 
*-more sequence components^teetQdfrom the group consisting of GM-CSF, a reporter sequence 
15$* such as the imunodominant OVA-derive3 , TK^ap^tide SIINFEKL (OVA^^), one or more 
peptide signal sequences and a synthetic purification tag7eTg?7*aQ added C-terminal amino acid 
sequence. 

Exemplary immunostimulatory fusion protein constructs described herein have a 32 
amino acid PAP signal sequence 1 , a 3 amino acid mature PAP sequence 2 , a 3 amino acid HER- 
2 signal sequence 3 , and either a C-terminal amino acid purification tag sequence of 9 amino 
acid residues comprising three consecutive alanines and six consecutive histidines, or a C- 
terminal amino acid tag sequence of 15 amino acid residues comprising glycine, alanine, 4 
consecutive prolines, three consecutive alanines, and six consecutive histidines and the features 
summarized in Table 1, below. 



20 



25 



Table 1. Components Of Exemplary HER-2 Fusion Proteins. 



Construct 


HER-2 


SIINFEKL 


HER-2 


GM-CSF 




extracellular 


(OVA^. 


intracellular 






sequence 4 




sequence 5 




HER500 


+ 




4- 




HERSOOhGM-CSF 


+ 




+ 


127 aa (human) 


HER500* 


+ 


+ 


+ 




HER500*tGM-CSF 


+ 


+ 


+ 


127 aa (rat) 


HER300*»rGM-CSF 


+ 


+ 




127 aa (rat) 



30 



It will understood that a fusion protein comprising a polypeptide antigen sequence 
component and a sequence component derived from the intracellular domain of the HER-2 



1 32 amino acids corresponding to amino acids 1 to 32 of Genebank accession No.. NM_001099 

2 3 amino acids corresponding to amino acids 33 to 35 of Genebank accession No. NM 001099 

3 3 amino acids corresponding to amino acids 19 to 21 of Genebank accession No. M 1 1 730 

4 289 amino acids corresponding to amino acids 22 to 3 10 of Genebank accession No. Ml 1730 

5 217 amino acids corresponding to amino acids 1038 to 1254 of Genebank accession No. Ml 1730 
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protein are alone effective to generate a protective DC-induced, T cell- mediated protective 
immune response against the antigenic component of the fusion protein. 

Accordingly, the SIINFEKL (OVA^.jJ sequence, the PAP signal sequence, the 
mature PAP amino acid sequence, the HER-2 signal sequence, and the C-terminal peptide tag 
sequence set forth above are not necessary to generate such as response. 

The immunostimulatory fusion proteins of the invention may be modified by joining 
them, eithe>*6Qvalently or noncovalently, with a reporter molecule. A wide variety of reporter 
/ molecules are kno^ft^the art and the selection of the reporter determines the assay format. 
f\ 'I For example, as detaileduTfi^ample 1, the OVA-derived imunodominant octapeptide 
10 SIINFEKL (OVA257.264) was incorfre^ated into exemplary immunostimulatory HER-2 fusion 
constructs and antigen presentation of the^c^Qstructs evaluated. Briefly, the IL-2 secreting 
mouse T cell hybridoma B3Z, which responds tcTSH^JFEKL (OVA^?^), when bound to 
mouse MHC class I, was stimulated with DC that were pre^ilsed with the HER-2 fusion 
constructs, and the magnitude of response evaluated by measuring^itHthymidine incorporation 
15 in proliferating IL-2 dependent cells, as an indicator of antigen presentation^ 

Additional examples of fusion proteins for use in practicing the invention include, but 
are not limited to those which include the sequence of a cancer antigen directly fused to the 217 
amino acids of membrane distal intracellular HER-2 domain, without additional linker or signal 
peptide components. Examples of such fusion proteins include, but are not limited to: a fusion 
20 protein comprising 180 amino acids of the human autoimmunogenic cancer/testis antigen, NY- 
ESO-1 (amino acids 1 to 1 80 of GenBank Accession No. U87459), fused to the 21 7 amino acids 
of membrane distal intracellular HER-2 domain (amino acids 1038 to 1254 of GenBank 
Accession No. M 1 1 730), presented herein as SEQ ID NO: 27, the coding sequence for which is 
presented as SEQ ID NO: 28); a fusion protein comprising 962 amino acids of the squamous cell 
25 carcinoma antigen, SART3-IC (amino acids 1 to 962 of GenBank Accession No. AB020880), 
fused to the 217 amino acids of membrane distal intracellular HER-2 domain (amino acids 1038 
to 1254 of GenBank Accession No. Ml 1730), presented herein as SEQ ID NO: 29, the coding 
sequence for which is presented as SEQ ID NO: 30). 

As known in the art, a recombinant polypeptide may also be produced as a fusion with a 
30 heterologous polypeptide, such as a signal sequence or other polypeptide having a specific 
cleavage site at the N-terminus of the mature protein or polypeptide. In general, the signal 
sequence is specific to the vector/host cell system used to express the recombinant protein. 

Recombinant polypeptides or fusion proteins that include a tag sequence placed for 
example at the amino- or carboxyl-terminus of the polypeptide are also known in the art. The 
35 tag sequence enables the polypeptide to be readily detected using an antibody against the tag 
and facilitates affinity purification of the polypeptide. 

Granulocyte-macrophage colony stimulating factor (GM-CSF), has been included in 
exemplary fusion constructs of the invention. GM-CSF, a glycoprotein with an apparent 
molecular weight of about 23-33,000 by SDS-PAGE, is a cytokine that has pleiotropic function 
40 both in hematopoiesis as well as in immunology. Human and rat GM-CSF have been shown to 
bind to cells of the monocyte-macrophage, neutrophil and eosinophil cell lineages. Binding of 
GM-CSF to high affinity receptors results in rapid internalization and degradation of GM-CSF 
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(Metcalf and Nicola in the hemopoietic colony-stimulating factors , Cambridge 
University Press, NY (1995)). The immunostimulatory effect of a polypeptide complex 
consisting essentially of GM-CSF and a polypeptide antigen is further described in USSN 
08/579,823 (allowed), expressly incorporated by reference herein. Both human and rat GM- 
5 CSF are synthesized with a 17-amino acid hydrophobic leader sequence that is proteolytically 
cleaved during secretion. The mature polypeptides are 127 amino acids in length, and the 
sequences may be found at GenBank Accession Nos. NM_000758 and U00620, respectively. 

It will be appreciated that the HER-2 extracellular sequence 6 described herein is an 
example of an antigenic sequence that may be incorporated into an immunostimulatory fusion 
10 protein of the invention. It follows that any of a number of antigens associated with tumor 
cells or an infectious agent, may similarly be incorporated into an immunostimulatory fusion 
protein of the invention and be effective to generate a protective DC-induced, T cell-mediated 
protective immune response against the antigenic component of the fusion protein. Exemplary 
antigens are further described in Section II A, above. 

15 

Exemplary HER-2 Antigen Compositions 

An immunostimulatory fusion protein of the invention is made by chemical linkage of 
the antigenic sequence component to the sequence component derived from the intracellular 
domain of the HER-2 protein, or by expression of a recombinant and continuous nucleic acid 

20 coding sequence which is expressed as a fusion protein. Chemical linkage and/or recombinant 
protein expression may also be used to incorporate additional peptidic sequences into the fusion 
protein, e.g., a reporter sequence, a signal peptide sequence and/or a purification tag. 

Exemplary human HER-2-derived recombinant and continuous nucleic acid coding 
sequences which have been expressed as fusion proteins are described below. 

25 The exemplary HER500 construct (SEQ ID NO: 6) was produced by expression of a 

coding sequence including in the 5' to 3' direction: the coding sequence for a 32 amino acid 
PAP signal sequence, the coding sequence for a 3 amino acid sequence of the mature PAP 
protein, an Ala Arg linker, the coding sequence for a 3 amino acid HER-2 signal sequence, the 
coding sequence for 289 amino acids of the mature HER-2 membrane distal extracellular 

30 domain, the coding sequence for 217 amino acids of the HER-2 membrane distal intracellular 
domain and the coding sequence for three consecutive alanines, and six consecutive histidines* 

The exemplary HER500*hGM-CSF construct (SEQ ID NO: 7) was produced by 
expression of a coding sequence including in the 5' to 3' direction: the coding sequence for a 
32 amino acid PAP signal sequence, the coding sequence for a 3 amino acid sequence of the 

35 mature PAP protein, an Ala Arg linker, the coding sequence for a 3 amino acid HER-2 signal 
sequence, the coding sequence for 289 amino acids of mature HER-2 membrane distal 
extracellular domain, the coding sequence for 217 amino acids of the HER-2 membrane distal 
intracellular domain, an Ala Ala linker, the coding sequence for mature human GM-CSF (127 
residues), and the coding sequence for glycine, alanine, four consecutive prolines, three 

40 consecutive alanines, and six consecutive histidines. 



289 amino acids corresponding to amino acids 22 to 3 10 of Genebank accession No. Ml 1 730 
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The exemplary HER500* construct (SEQ ID NO: 8) was produced by expression of a 
coding sequence incIucKqg in the 5' to 3' direction: the coding sequence for a 32 amino acid 
PAP signal sequence, the c&^ling sequence for a 3 amino acid sequence of the mature PAP 
protein, an Ala Arg linker, the^boding sequence for a 3 amino acid HER-2 signal sequence, the 
coding sequence for 289 amino acictesof mature HER-2 membrane distal extracellular domain, 
an Ala linker, the coding sequence for thfcXWA-derived imunodominant octapeptide 
SIINFEKL (OVA257_264)> the coding sequence^'fqr 217 amino acids of the HER-2 membrane 
distal intracellular domain, three consecutive alarhqes, and six consecutive histidines. 

exemplary HER500*»rGM-CSF construct (SEQ ID NO:9) was produced by 
10 expression o^^^coding sequence including in the 5' to 3' direction: the coding sequence for a 
32 amino acid PAR^signal sequence, the coding sequence for a 3 amino acid sequence of the 
mature PAP protein, ahs^la Arg linker, the coding sequence for a 3 amino acid HER-2 signal 
a t ""I sequence, the coding sequerfct^for 289 amino acids of mature HER-2 membrane distal 
^ extracellular domain, an Ala linke^s.the coding sequence for the OVA-derived imunodominant 
15 octapeptide SIINFEKL (OVA^.^), the^soding sequence for 217 amino acids of the HER-2 
membrane distal intracellular domain, an Al^AJa linker, the coding sequence for mature rat 
GM-CSF (127 residues), and the coding sequencerbi^glycine, alanine, four consecutive 
prolines, alanine, and six consecutive histidines. 

exemplary HER300*»rGM-CSF construct (SEQ ID NO: 10) was produced by 
20 expression oHK^xIing sequence including in the 5' to 3' direction: the coding sequence for a 
32 amino acid PAP^SigQal sequence, the coding sequence for a 3 amino acid sequence of the 
mature PAP protein, an AtexS^rg linker, the coding sequence for a 3 amino acid HER-2 signal 
^sequence, the coding sequence fol^i^ 0 - amino acids of mature HER-2 membrane distal 

extracellular domain, an Ala linker, the^oo!ing sequence for the OVA-derived imunodominant 
25 octapeptide SIINFEKL (OVA^.zm), an Ala lirife€q\ the coding sequence for mature rat GM- 
CSF (127 residues), and the coding sequence for gly&ki^ alanine, four consecutive prolines, 
alanine, and six consecutive histidines. 

Methods for production of immunostimulatory fusion proteins by chemical linkage of 
an antigenic sequence to a sequence derived from the intracellular domain of the HER-2 protein 
30 include conventional coupling techniques known in the art. In constructs which also include one 
or more added peptidic sequences, chemical linkage is also accomplished using conventional 
coupling techniques known in the art. For example, the peptides can be coupled using a 
dehydrating agent such as dicyclohexyl-carbodiimide (DCCI) to form a peptide bond between the 
two peptides. Alternatively, linkages may be formed through sulfhydryl groups, epsilon amino 
35 groups, carboxyl groups or other reactive groups present in the polypeptides, using commercially 
available reagents. (Pierce Co., Rockford, IL). 

IV. Production of recombinant fusion proteins 

The invention includes immunostimulatory fusion proteins produced using recombinant 
40 techniques. Such an immunostimulatory fusion protein may be produced by any of a number 
of methods routinely employed by those of skill in the art. 
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Unless otherwise indicated, all terms used herein have the same meaning as they would 
to one skilled in the relevant art. Practitioners are particularly directed to Sambrook et al. 
(1989) Molecular Cloning: A Laboratory Manual (Second Edition), Cold Spring 
Harbor Press, Plainview, N.Y. and Ausubel FM et aL (1989) CURRENT PROTOCOLS IN 
5 MOLECULAR BIOLOGY, John Wiley & Sons, New York, N.Y., for definitions and techniques 
routinely used by those of skill in the art. 

The fusion proteins may be produced by culturing recombinant prokaryotic or 
eukaryotic host cells comprising nucleic acid sequences encoding the fusion protein under 
conditions promoting expression of the fusion proteins, followed by recovery of the fusion 

10 protein from the host cells or the cell culture medium. 

The nucleic acid encoding sequence an immunostimulatory fusion protein of the 
invention is inserted into any one of a variety of expression vectors for expressing a 
polypeptide, as long as it is replicable and viable in the host. In general, the nucleic acid 
coding sequence is inserted into an appropriate restriction endonuclease site or site(s) using 

15 routine techniques. Such procedures and related sub-cloning procedures are deemed to be 
within the scope of those skilled in the art. The vector may comprise regulatory sequences, 
including for example, non-coding sequences, such as introns and control elements, i.e. , 
promoter and terminator elements or 5' and/or 3' untranslated regions, effective for expression 
of the coding sequence in a suitable host and/or in a vector or host environment in which the 

20 immunostimulatory fusion protein coding sequence is not normally expressed, operably linked 
to the coding sequence. Large numbers of suitable vectors and promoters are known to those 
of skill in the art, are commercially available, examples of which are described in Sambrook, 
et al. , {supra). 

The present invention also relates to host cells which have been genetically engineered 

25 to contain a vector effective to express an immunostimulatory fusion protein of the invention by 
recombinant techniques. Host cells are genetically engineered (i.e., transduced, transformed 
or transfected) with an appropriate vector which may be, for example, a cloning or expression 
vector. The vector may take the form of a plasmid, a viral particle, a phage, etc. The culture 
conditions, such as temperature, pH and the like, are those routinely used for the host cell 

30 selected for expression, and will be apparent to those skilled in the art. 

Methods of introducing nucleic acids into cells for expression of heterologous proteins 
are also known to the ordinarily skilled artisan. Examples include calcium phosphate 
transfection, DEAE-Dextran mediated transfection, electroporation, nuclear microinjection, 
bacterial protoplast fusion with intact cells, and the use of polycations, e.g, , polybrene or 

35 polyornithine. General aspects of transformation involving mammalian cells have been 

described in U.S. Patent No. 4,399,216, and Keown et aL, Methods in Enzymology, 185:527- 
537 (1990), both or which are expressly incorporated by reference herein. 

Suitable host cells for cloning or expressing an immunostimulatory fusion protein of 
the invention include prokaryote, yeast, insect and higher eukaryotic cells. Suitable 

40 prokaryotes include but are not limited to eubacteria, such as gram-negative or gram-positive 
organisms, for example, E. coli. 
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Suitable host cells for the expression of a glycosylated immunostimulatory fusion 
protein of the invention are derived from multicellular organisms. Examples of invertebrate 
cells include insect cells such as Drosophila S2 and Spodoptera Sf9, as well as plant cells. 
Examples of useful mammalian host cell lines include Chinese hamster ovary (CHO) and COS 
5 cells. The selection of the appropriate host cell is deemed to be within the skill in the art. 

A process for producing such an immunostimulatory fusion protein comprises culturing 
host cells under conditions suitable for expression of the fusion protein and recovering the 
fusion protein from the cell culture. In general, principles, protocols, and practical techniques 
for maximizing the productivity of cell cultures can be found in Mammalian Cell 
10 Biotechnology: a Practical Approach, M. Butler, ed. (IRL Press, 1991) and Sambrook 
et aL , supra. More specifically, techniques for expression in the Baculovirus system are 
described in Engelhard EK et aL Proc, Nat. Acad, Sci. 91:3224-3227, 1994, expressly 
incorporated by reference herein. 

Host cells transformed with nucleotide sequences encoding an immunostimulatory 
15 fusion protein of the invention may be cultured under conditions suitable for the expression and 
recovery of the encoded protein from the cell culture. The protein produced by a recombinant 
cell may be secreted, membrane-bound, or contained intracellular^ depending on the particular 
sequence and/or the vector used. 

As understood by those of skill in the art, an expression vector containing a 
20 polynucleotide encoding an immunostimulatory fusion protein of the invention can be designed 
with signal sequences which direct secretion of the modified immunostimulatory fusion protein 
through a prokaryotic or eukaryotic cell membrane. 

Example 1 details the construction of exemplary immunostimulatory HER-2 fusion 
proteins, the nucleic acid and deduced amino acid sequences of which are presented in Table 2. 
25 Expression vectors comprising the coding sequence for various HER-2 fusion proteins 

were used to transfect mammalian 293-EBNA cells and insect SF21 cells. Once constructed, 
expressed and purified, HER2 fusion proteins containing either rat GM-CSF or human GM-CSF 
were tested for GM-CSF bioactivities in appropriate assays, routinely employed by those of skill 
in the art. Both insect and mammalian cell-derived fusion proteins exhibited GM-CSF activity, 
30 as evidenced by their ability to support growth of GM-CSF dependent cell lines. Similarly, the 
presence of HER-2 was verified using HER-2-specific monoclonal antibodies in both Western 
blot analysis and in an ELISA test, according to methods well-known in the art. 

While the foregoing description describes particular embodiments of the present 
invention, it will be appreciated that persons skilled in the art can substitute the coding sequence 
35 for various antigens, and may use different vectors and cell lines for expression, according to 
known methods and thereby prepare immunostimulatory fusion protein compositions in 
accordance with the principles described herein. 

Whether produced by chemical coupling or by expression of a continuos coding 
sequence as a recombinant fusion protein, DC may be exposed to an immunostimulatory fusion 
40 protein of the invention and be presented by such DC in the context of MHC I, resulting in a 
cellular immune response to the fusion protein. 
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V. Generation Of Activated Dendritic Cells (DC) 

A. Isolation and Characterization of DC Precursors and DC 

Human dendritic cell precursors (DC precursors) may be obtained from any of a 

number of sources including but not limited to peripheral blood, cord blood, bone marrow and 
5 lymphoid organs. 

DC precursors isolated and enriched by any of a number of methods known in the art 

will result in a DC precursor population effective for carrying out the methods of the present 

invention. 

In a preferred approach, DC precursors are obtained from peripheral blood. In this 
10 approach, peripheral blood mononuclear cells (PBMC) are collected from healthy donors by 
standard leukapheresis and DC precursors isolated, for example, by either a one-step or a 
successive two-step buoyant density centrifiigation using buoyant density solution BDS 77 or 
BDS 77 and 65, respectively (Dendreon Corp.), as described in co-owned USSN 60/168,991 
(0021). 

15 DC precursors may be obtained from a healthy subject or a subject known to be 

suffering from a disease associated with the expression of a particular antigen. Such DC 
precursors may be allogeneic or autologous. 

Once DC precursors are obtained, they are cultured under appropriate conditions and 
for a time sufficient to expand the cell population and maintain the DCs in a state for optimal 

20 antigen uptake, processing and presentation. 

In one preferred approach to culture of DC precursors, DC are generated from such DC 
precursors by culture ex vivo in serum free or protein-free medium for 40 hours, in the absence 
of exogenously added cytokines, as detailed in co-owned USSN 60/158,618. Briefly, DC 
precursors are cultured in teflon bags (American Fluoroseal) at a density of lxlO 7 per ml in 

25 Aim V medium supplemented with 2mM glutamine in a humidified incubator at 37°C under 
5% C0 2 for 40 hours. During the culture period DC precursors are pulsed with Ag. 

Preferred aspects of DC isolation and culture include the use of culture medium lacking 
exogenously supplied cytokines and culture under serum-free conditions in a manner effective 
to result in the generation of Ag-loaded superactivated DC. 

30 The purity of DC in this fraction may be quantified using, for example, flow cytometry 

(/. e. , FACS) analysis for phenotypic characterization as further described in co-owned USSN 
60/158,618, together with functional characterization. Cell surface phenotype analysis is 
carried out using samples consisting of approximately l-3xl0 7 cells, which are incubated in 
10% normal mouse serum in PBS for 10 min., washed in PBS and resuspended in 250-750fil 

35 PBS. The cell suspension is then dispensed at 30|^l/well into round-bottom 96-well plates. 

FITC-, PE-, and PerCP-conjugated mAb are added at lOjil/well and cells are incubated for 20 
min. in the dark on ice. Cells are then washed with 200jil/well of PBS and resuspended in 
400|il/well in PBS, then analyzed by FACScan (Becton Dickinson) using cells labeled with 
isotype-matched control Ab as a negative control. Preferred functional characteristics of 

40 mature DCs include the acquisition of allostimulatory and Ag-presenting abilities. 
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Ag-loaded superactivated DCs have already processed an Ag and have the ability to 
present the Ag to the immune cells and quickly generate Ag-specific immune responses, e.g., 
CTL-mediated T cell responses to tumor antigens. 

According to another aspect of the invention, DCs can be preserved by 
5 cryopreservation either before or after exposure to a HER-2 fusion protein of the invention. 
Exemplary methods for cryopreservation are further described in co-owned USSN 60,168,991. 
For small scale cryopreservation, cells can be resuspended at 20-200 x 10 6 /ml in precooled 5% 
human serum albumin (HAS) (Swiss Red Cross). An equal volume of 20% dimethylsulfoxide 
(DMSO) in the above HAS solution was then added dropwise. The mixture is aliquoted in 
10 cryovials at lml/vial and frozen at -80°C in a cryochamber (Nalgene) overnight. The vials are 
transferred to a liquid nitrogen tank in the morning. For large scale cryopreservation, cells can 
be resuspended at 30-600 x 10 6 /ml in AIM V. An equal volume of 20% AIM V is then added 
gradually. The mixture is frozen in freezing containers (Cryocyte, Baxter) at 20 ml/bag using 
a rate-controlled freezing system (Forma). 



B. Evaluation Of Antigenicity of Fusion Proteins 
In Vitro Antigen Presentation 

An antigen presentation assay may be used to evaluate the antigen presenting ability of 
various immunostimulatory fusion proteins. An exemplary assay is described in Example 1, 

20 wherein the IL-2 secreting mouse T cell hybridoma B3Z, which responds to the mouse MHC 
class I (H2-K b ) bound OVA-derived peptide SIINFEKL (OVA^.**; Jameson et al., 1993, J. 
Exp. Med. Ill: 1541), is stimulated with various DC that have been pre-pulsed with 
engineered HER-2 fusion proteins, and the magnitude of response is evaluated by measuring 
[^H]thymidine incorporation in proliferating IL-2 dependent cells. 

25 The assay format described herein may be used to evaluate antigen presentation using a 

titration of the antigen together with a fixed number of APC. 



30 animal models. In such cases, pre-immunization of animals with the immunostimulatory fusion 
protein composition, or superactivated DC treated ex vivo with the composition is effective to 
suppress in vivo growth of tumors or an infectious agent. 

In one example of this approach, pre-immunization of mice with activated DC pulsed 
ex vivo with the HER-2 fusion protein composition, HER500*»rGM-CSF (SEQ ID NO:4), 

35 which has an antigenic component consisting of 289 amino acids derived from the extracellular 
domain of HER2 fused to 217 amino acids derived from the intracellular domain of HER2, 
suppressed the in vivo growth of HER-2-expressing autologous tumors in mice (Example 2). 
In another approach, animals, e.g., mice, are inoculated with a particular infectious agent or 
tumor-forming cells, then treated with an immunostimulatory fusion protein of the invention 

40 and evaluated for the ability of the antigenic composition to suppress in vivo growth of the 
infectious agent or an established tumor. 



5 



B. In vivo assays in animal models 

An immunostimulatory fusion protein of the invention may be evaluated in vivo in 
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Example 3 illustrates this approach, in that post- infection injection of mice with 
activated DC pulsed ex vivo with the HER-2 fusion protein compositions, HER500*»rGM-CSF 
(SEQ ID NO:4), HER50OhGM-CSF (SEQ ID NO:2), HER500* (SEQ ID NO:3), and 
HER500 (SEQ ID NO:l), increased the survival time for mice previously inoculated with 
5 HER-2-expressing autologous tumor cells. 

The results of the animal studies confirm that in order to generate an effective anti- 
tumor response, an immuostimulatory fusion protein of the invention must comprise antigenic 
sequence component and a sequence component derived from the intracellular domain of HER- 
2. 

10 

VI. Compositions and Methods for Immunotherapy and Cancer Therapy 

The present invention provides immunostimulatory fusion protein compositions that are 

able to effectively present antigen for the induction of both CD8 + CTL-mediated as well as 

CD4~*~ Th cell proliferative responses. 
15 As such, the immunostimulatory fusion protein compositions of the present invention 

are universally useful and can be employed in a wide range of immunotherapeutic, 

immunoprophylactic and cancer therapeutic applications involving generation of primary and 

secondary immune responses. 

The invention also provides modified soluble polypeptide or protein antigens presented 
20 in the context of MHC Class I. 

In a preferred embodiment, immunization with a modified soluble protein antigen of 

the invention results in an MHC Class I-mediated cellular immune response to an antigen 

which would not elicit a cellular immune response of the same magnitude, if provided in an 

unmodified form, 

25 Immunization with such a modified soluble protein antigen results in an MHC Class I- 

mediated cellular immune response which is greater in magnitude and accordingly provides 
greater protection than a cellular immune response to the same antigen if provided in an 
unmodified form. 

In one preferred embodiment, the invention provides an immunostimulatory 
30 composition comprising DCs exposed ex vivo to an immunostimulatory fusion protein 

comprising a polypeptide antigen sequence component and a sequence component derived from 
the intracellular domain of the HER-2 protein, as described above, which is able to more 
effectively induce T-cell responses, than a composition comprising the polypeptide antigen 
alone. 

35 An immunostimulatory composition comprising DCs exposed ex vivo to an 

immunostimulatory fusion protein of the invention alone, or in combination with the 
immunostimulatory fusion protein finds utility in immunotherapy of a subject and can function 
as a vaccine. 

In a related aspect, the invention includes a method of immunizing a subject against a 
40 polypeptide antigen associated with a particular type of cancer or infectious disease. The method 
includes exposing or pulsing DC with an immunostimulatory fusion protein composition, as 
further described below. 
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In practicing the methods of the invention, the exposing step can be carried out in vitro 
(ex vivo), in vivo or both in vitro and in vivo. For example, an immunostimulatory fusion 
protein of the invention may be directly injected into a subject or DC may be exposed to the 
immunostimulatory fusion protein in vitro in a manner effective to induce cell-surface 
5 presentation of the antigenic component of the fusion protein and the pulsed DC returned to the 
subject. 

An antigenic composition comprising an immunostimulatory fusion protein alone or in 
combination with DC stimulated by in vitro exposure to the immunostimulatory fusion protein 
can be used, for example, in direct in vivo administration, ex vivo somatic therapy, in vivo 

10 implantable devices or in ex vivo extracorporeal devices. 

It will be understood that any of a number of methods may be used to pulse DC with 
an immunostimulatory fusion protein of the invention, to make them effective to present 
antigen in the context of MHC I. The experiments detailed herein demonstrate that activation 
of DC by exposure to immunostimulatory fusion proteins facilitates processing of the antigenic 

15 component of the fusion protein through the "endogenous" class I pathway such that antigens 
are presented in association with MHC class I molecules, and accordingly are able to activate 
CD8+ CTL. 

From the foregoing, it will be appreciated that the invention provides compositions and 
methods having the unique feature that processing of soluble protein antigens occurs through 
20 the MHC class I, as opposed to class II, pathway. 

VII. Therapeutic Applications 

A. Exposing DC ex vivo To Immunostimulatory Fusion Protein Compositions 

The invention is based on the discovery that DC can be exposed to an immunostimulatory 
25 fusion protein composition, either in vitro (ex vivo), or in vivo in a subject, resulting in a 

protective T cell mediated response against the antigenic component of the fusion protein. 
DC are treated in vitro (ex vivo) with an immunostimulatory fusion protein 

composition, followed by administration to a subject. The subject may be the same individual 

from whom the DC were obtained (autologous transplantation) or a different individual 
30 (allogeneic transplantation). In allogeneic transplantation, the donor and recipient are matched 

based on similarity of HLA antigens in order to minimize the immune response of both donor 

and recipient cells against the other. 

A subject may be treated with an immunostimulatory fusion protein composition of the 

invention alone or in combination with a therapeutic regimen typically used for the condition 
35 under treatment, e.g. radiation therapy and/or chemotherapy for the treatment of cancer. 

In general, DC precursors are obtained, cultured under serum-free conditions in 

medium lacking exogenously supplied cytokines, as described above, followed by in vitro (ex 

vivo) exposure of the DC to an immunostimulatory fusion protein composition of the invention 

followed by re-infusion of the activated DC into the subject. 
40 Re-infiised ex vivo immunostimulatory fusion protein composition-treated DC provide a 

means for rapid generation of an immune response to the antigenic component of the fusion 

protein. 
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B. In vivo Administration of an Immunostimulatory Fusion Protein Composition 
In another aspect, the invention is directed to methods of treating a subject by in vivo 
administration of an immunostimulatory fusion protein composition of the invention. 

In one embodiment, the subject has a type of cancer which expresses a tumor-specific 
5 antigen. In accordance with the present invention, an immunostimulatory fusion protein may 
be made which comprises a tumor-specific antigen sequence component and a sequence 
component derived from the intracellular domain of HER-2. In such cases, DC pulsed ex vivo 
with this immunostimulatory fusion protein are administered to a subject, alone or in 
combination with the fusion protein, resulting in an improved therapeutic outcome for the 
10 subject, evidenced by, e.g., a slowing or diminution of the growth of cancer cells or a solid 
tumor which expresses the tumor-specific antigen, or a reduction in the total number of cancer 
cells or total tumor burden. 

In a related embodiment, the subject has been diagnosed as having a viral, bacterial, fungal or 
other type of infection, which is associated with the expression of a particular antigen, e.g., a 

15 viral antigen. In accordance with the present invention, an immunostimulatory fusion protein 
may be made which comprises a sequence component consisting of the antigen, e.g., an HBV- 
specific antigen, together with a sequence component derived from the intracellular domain of 
HER-2. In such cases, DC pulsed ex vivo with the immunostimulatory fusion protein are 
administered to a subject, alone or in combination with the fusion protein, resulting in an 

20 improved therapeutic outcome for the subject as evidenced by a slowing in the growth of the 
causative infectious agent within the subject and/or a decrease in, or elimination of, detectable 
symptoms typically associated with the particular infectious disease. 

In either situation, in vivo administration of an immunostimulatory fusion protein of the 
invention to a subject provides a means to generate a protective DC-induced, T cell-mediated 

25 immune response to the antigen in the subject, dependent upon (1) the antigenic composition 
administered, (2) the duration, dose and frequency of administration, and (2) the general 
condition of the subject. 

In one example, the subject has a HER-2-expressing cancer and administration of an 
immunostimulatory fusion protein composition of the invention which includes HER2 as the 

30 antigenic component of the fusion protein provides a means to improve the therapeutic outcome 
of the subject. In this embodiment, the immunostimulatory HER-2 composition is administered 
to the subject in a manner effective to result in a cellular immune response to HER-2- 
expressing cancer cells in the subject. 

35 C. Treating Patients 

Effective delivery of the immunostimulatory fusion protein composition is an important 
aspect of the invention. In accordance with the invention, such routes of delivery include, but 
are not limited to, various systemic routes, including parenteral routes, e.g., intravenous (IV), 
subcutaneous (SC), intraperitoneal (IP), and intramuscular (IM) injection. 

40 It will be appreciated that methods effective to deliver an immunostimulatory fusion 

protein to dendritic cells or to introduce an immunostimulatory fusion protein or DC 
composition in close proximity to antigen-expressing cells are also contemplated. 
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In one preferred embodiment, the immunostimulatory composition is a fusion protein, 
contained in a pharmaceutically acceptable carrier, and delivered by the intravenous route. In 
a further aspect of this embodiment, the immunostimulatory fusion protein composition is 
administered at regular intervals for a short time period, e.g. , in bi-weekly intervals for two 
5 months or less. However, in some cases the fusion protein composition is administered 
intermittently over a longer period of time. 

Typically, one or more doses of the immunostimulatory fusion protein are 
administered, generally at bi-weekly intervals for a period of about two months. Preferred 
doses for administration by the IV, SC or IM route are from about 5 jig/kg per patient to about 
10 5 mg/kg per patient. 

In another preferred embodiment, the immunostimulatory composition comprises DC 
exposed ex vivo to an immunostimulatory fusion protein, contained in a pharmaceutically 
acceptable carrier, and delivered by the IV, SC or IM route. 

In one aspect of this embodiment, the immunostimulatory fusion protein composition 
15 comprises from 10 7 to 10 l! DC, which have been exposed to from 100 ng/ml to 1 mg/ml of a 
given immunostimulatory fusion protein, in a manner effective to generate Ag-loaded DC as 
described in Examples 2 and 3. Doses of about 10 7 to 10 11 DC are then administered to the 
subject by intravenous or SC or IM injection according to established procedures for a short 
time period, e.g. , at bi-weekly intervals for 2 months or less. However, in some cases the 
20 immunostimulatory fusion protein composition is administered intermittently over a longer 
period of time. 

Typically, one or more doses of the immunostimulatory fusion protein composition are 
administered, generally at regular intervals for a period of about 2 months. In general, the 
method comprises administering to a subject, in a suitable pharmaceutical carrier, an amount of 
25 an immunostimulatory fusion protein or DC composition effective to result in an improved 
therapeutic outcome for the subject under treatment. 

It follows that the immunostimulatory fusion protein or DC composition may be 
administered in any convenient vehicle, which is physiologically acceptable. Such an 
immunostimulatory fusion protein or DC composition may include any of a variety of standard 
30 physiologically acceptable carrier employed by those of ordinary skill in the art. Examples of 
such pharmaceutical carriers include, but are not limited to, saline, phosphate buffered saline 
(PBS), water and Ringer's solution. It will be understood that the choice of suitable 
physiologically acceptable carrier will vary dependent upon the chosen mode of administration. 

Sustained release compositions are also contemplated within the scope of this 
35 application. These may include semipermeable polymeric matrices in the form of shaped 
articles such as films or microcapsules. 

In preferred applications of the method, the subject is a human subject. The subject 
may also be a cancer patient, in particular a patient diagnosed as having a cancer which 
expresses a particular cancer-specific or cancer-associated antigen, and the patient may or may 
40 not be under with chemotherapy and/or radiation therapy. 

It will be understood that the effective in vivo dose of an immunostimulatory fusion 
protein or DC composition of the invention will vary according to the frequency and route of 
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administration as well as the condition of the subject under treatment. Accordingly, such in 
vivo therapy will generally require monitoring by tests appropriate to the condition being 
treated and a corresponding adjustment in the dose or treatment regimen in order to achieve an 
optimal therapeutic outcome. 

5 

D. Monitoring Treatment 

The efficacy of a given therapeutic regimen involving the methods described herein, 
may be monitored, e.g., by monitoring the induction of a CTL response, a helper T-cell 
response, and/or the antibody response to the antigenic component of the fusion protein in 
10 peripheral blood using methods well known in the art in addition to monitoring the status of the 
cancer and the biological condition of the subject, at various time points following such 
administration. 

In cases where the subject has been diagnosed as having a particular type of cancer, the 
status of the cancer is also monitored using diagnostic techniques appropriate to the type of 
15 cancer under treatment. Similarly, in cases where the subject has been diagnosed as having a 
particular type of infection, the status of the infection is also monitored using diagnostic 
techniques appropriate to the type of type of infection under treatment. 

The immunostimulatory fusion protein or DC composition treatment regimen may be 
adjusted (dose, frequency, route, etc.), as indicated, based on the condition of the subject 
20 under treatment and the results of the assays described above. 

VIII. Utility 

The present invention provides immunostimulatory fusion protein compositions that are 
able to effectively present antigen for the induction of both CD8 + CTL-mediated as well as 

25 CD4+ Th cell proliferative responses. 

As such, the immunostimulatory fusion protein compositions of the invention are 
universally useful and can be employed in a wide range of immunotherapeutic, 
immunoprophylactic and cancer therapeutic applications involving generation of primary and 
secondary immune responses. 

30 The immunostimulatory fusion protein compositions of the invention find utility in 

immunotherapy of cancers which are associated with expression of a particular antigen. For 
example, the HER-2 fusion protein compositions described herein find utility in 
immunotherapy of HER-2 expressing tumors, such as, breast carcinoma, ovarian cancer and 
colon cancer. 

35 The advantages of the present invention include induction of enhanced cellular immunity 

to isolated or soluble polypeptide or protein antigens by presenting an immunostimulatory fusion 
protein of the invention to a dendritic cell (DC), resulting in DC activation. As discussed above, 
such induction is not generally observed using soluble, polypeptide or protein antigens as 
induction materials. The generation of such activated DC, may be accomplished in vitro {ex 

40 vivo) using autologous or allogeneic DC or may take place in vivo following administration of an 
immunostimulatory fusion protein of the invention to a subject. 
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All patent and literature references cited in the present specification are hereby 
expressly incorporated by reference in their entirety. 

The following examples illustrate but are not intended in any way to limit the 
invention. 




Example 1 

Production Of Exemplary HER-2 Fusion Proteins 

In one example, human HER-2 was cloned from a SK-BR3 cell line according to 
methods known in the art. The stop codon at the 3 1 end of the sequence was mutated away, and 
a Not I site inserted in its place, to fuse the HER-2 cDNA to C-terminal tag peptide, rat GM- 
CSF, or human GM-CSF DNA. GM-CSF DNA was cloned from a PBMC library according to 
standard methods. A Not I site was inserted at the 5' end of the DNA, and an Xba I cloning site 
was inserted at the 3* end, along with an in-frame stop codon. PCR-generated cDNA's were 
digested with appropriate restriction enzymes and cloned into restriction vectors for transfection 
into specific mammalian or insect cell lines. 

Expression vectors comprising the coding sequence for various HER2 fusion proteins 
were used to transfect mammalian 293-EBNA cells (Invitrogen) (transient expression) and insect 
SF21 cells (Clontech, Palo Alto, CA). Fusion protein products were recovered from the tissue 
culture supernatants, and affinity purified by passage over a metal affinity column, (NTA resin, 
Qiagen). For HER500-hGM-CSF, analysis by SDS-PAGE revealed protein bands migrating at 
120 kDa and 1 10 kDa as products from mammalian and insect cells, respectively. The predicted 
size of the 690 polypeptide backbone is 74877 Da. 

Human HER-2-derived proteins were produced as recombinant proteins using the 
following coding sequences. 

500*»rGM-CSF construct (SEQ ID NO: 4) was produced by expression of a 
coding sequence whicIrtRoJuded, in the 5' to 3* direction: a 32 amino acid PAP signal peptide, 
a 3 amino acid sequence of theltiature PAP protein, an Ala Arg linker, a 3 amino acid HER-2 
signal sequence, 289 amino acids of thenfcrtuj^HER-2 membrane distal extracellular domain, 
(YJ an Ala linker, the OVA-derived imunodominant octapegtide SIINFEKL (OVA^^), 217 
amino acids of the HER-2 membrane distal intracellular dontaiq^an Ala Ala linker, a 127 
amino acid mature rat GM-CSF sequence, and Gly Ala Pro Pro PnMkP Ala His His His His 
His His. 

HER3 00*»rGM-CSF construct (SEQ ID NO: 5) was produced by expression of a 
coding sequence wh ichTnthsded^iojhe 5 ' to 3* direction: a 32 amino acid PAP signal 
sequence, a 3 amino acid sequence of theli^aftife^PAP protein, an Ala Arg linker, a 3 amino 
acid HER-2 signal sequence, 289 amino acids of the matute4£ER-2 membrane distal 
extracellular domain, an Ala linker, the OVA-derived imunodomihanttretagegtide SIINFEKL 
(OVA257_264)> an Ala linker, a 127 amino acid mature rat GM-CSF sequence, ancTOty Ala Pro 
Pro Pro Pro Ala His His His His His His. 

BP8 baculovirus expression vectors (Clontech) comprising the coding sequence for the 
HER500**rGM-CSF (SEQ ID NO: 9) or HER300**rGM-CSF (SEQ ID NO: 10) fusion 
proteins were used to transfect SF21 cells. Fusion protein products were recovered from tissue 
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culture supernatants, and affinity purified by metal affinity chromatography. Analysis by SDS- 
PAGE revealed protein bands migrating at 105 kDa for HER500**rGM-CSF and 60 kDa for 
HER300**rGM-CSF. 

Once constructed, expressed and purified, HER-2 fusion molecules containing rat GM- 
5 CSF or human GM-CSF were tested for GM-CSF bioactivity appropriate assays and the presence 
of HER-2 was verified using HER-2-specific monoclonal antibodies in both Western blot analysis 
and in an ELISA test, according to methods well-known in the art. 

Evaluation of in vitro presentation of HER-2 fusion proteins 

10 The IL-2 secreting mouse T cell hybridoma B3Z, which responds to the mouse MHC 

class I (H2-K b ) bound OVA-derived peptide SIINFEKL (OVA^; Jameson et al., 1993, J. 
Exp. Med. Ill: 1541), was used to evaluate the antigen presenting ability of HER-2 fusion 
proteins containing the OVA-derived immunodominant peptide SIINFEKL. 

Tissue cultures were maintained in IMDM medium supplemented with 10% FCS, 2 

15 mM L-glutamine, 0.1 mg/ml kanamycin sulfate and 3 x 10" 5 M 2-ME (Gibco, Grand Island, 
NY) at 37°C in a humidified atmosphere containing 5% C0 2 (tissue culture incubator). 

Enriched preparations of activated DC were obtained by incubating autologous 
C57BL/6 spleen cells in tissue culture flasks for 2 h at 37°C, removing non-adherent cells, and 
culturing the remaining adherent cells for 2 days with 1 jiM ionomycin. 

20 An IL-2 secretion assay was performed as described previously [Kruisbeek, 1998, in 

Coligan et al. (eds.) Current Protocols in Immunology, Wiley, New York, NY, 1:3.14]. More 
specifically, 10 5 hybridoma cells were cultured in 0.2-ml microwells in the presence of 3 x 10 4 
activated DC and various concentrations of HER-2 antigens. One day later, culture 
supernatants were harvested and tested at 50% concentration for their ability to support the 

25 proliferation of 10 4 HT-2 cells (an IL-2 dependent cell line) for 24 h, as measured by 
[ 3 H] thymidine incorporation during the final 6 h culture period. 

The response of B3Z cells to the HER300*»rGM-CSF and HER500**rGM-CSF fusion 
proteins relative to OVA (Grade VII, 99% pure chicken ovalbumin purchased from Sigma, St. 
Louis, MO), was evaluated in vitro. The cell proliferation response indicated as CPM based 

30 on 3H thymidine uptake (Fig. 1) indicate that HER300*»rGM-CSF and HER500*»rGM-CSF 
fusion proteins are more efficient in stimulating B3Z than native OVA itself (about, 10-fold, 
and > 100-fold, respectively). The 10-fold superiority of HER500**rGM-CSF over 
HER300* # rGM-CSF indicates that the enhanced presentation of Ag is correlated with the 
inclusion of the additional intracellular HER-2 domain derived 217 amino acids in the fusion 

35 protein (which are present in HER500*»rGM-CSF but absent in HER300*»rGM-CSF). 

Example 2 

Prevention of in vivo tumor growth by pre-immunization with Ag-pulsed DC 

The effect of pre-immunization with HER-2-puIsed activated DC on suppression of in 
40 vivo growth of HER-2-expressing autologous tumors was evaluated in a murine model. 
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The mouse tumor cell line E. HER-2 was generated by transfecting EL-4 cells 
(C57BL/6 mouse strain derived thymoma; ATCC, Rockville, MD) with the full length human 
HER-2 cDNA according to standard methods. 

Human HER-2-derived proteins were produced as recombinant proteins as previously 
described in Example 1, using the following coding sequences. 

§HER500 construct (SEQ ID NO: 1) was produced by expression of a coding 
sequence whiclTTftsl^ded, in the 5' to 3' direction: a 32 amino acid PAP signal sequence, a 3 
amino acid sequence of^KS^natucePAP protein, an Ala Arg linker, 3 amino acids of HER-2 
^^"^signal sequence, 289 amino acids ofmaRn^4i£R^ distal extracellular domain, 217 

amino acids of the HER-2 membrane distal intraceliulSrdotQain and a C-terminal tag consisting 
of Ala Ala Ala His His His His His His. 

HER500«hGM-CSF construct (SEQ ID NO: 2) was produced by expression of a 
coding sequeiTfce^vhich included, in the 5' to 3' direction: a 32 amino acid PAP signal 

of the mature PAP protein, an Ala Arg linker, 3 amino 
9 amino acids of the mature HER-2 membrane distal 
extracellular domain, 217 amino acidsof-th^HER-2 membrane distal intracellular domain, an 
Ala Ala linker, a 127 amino acid mature humanGM<=QSF sequence and a C-terminal tag 
consisting of Gly Ala Pro Pro Pro Pro Ala Ala Ala His HisTfis^is His His. 

The HER500* construct (SEQ ID NO: 3) was produced by expression of a coding 
sequence wKiar4nduded, in the 5' to 3' direction: the coding sequence for: a 32 amino acid 
PAP signal sequence, a^T^f»ino acid sequence of the mature PAP protein, an Ala Arg linker, 3 
amino acids of HER-2 signal sequ§n6e 4 289 amino acids of the mature HER-2 membrane distal 
extracellular domain, a Ala linker, the OVX^tteti^edi imunodominant octapeptide SIINFEKL 
(OVA^y^), 217 amino acids of the HER2 membraneoTstakiiitracellular domain and a C- 
terminal tag consisting of Ala Ala Ala His His His His His His. 

The HER500*rGM-CSF construct (SEQ ID NO: 4) was produced by expression of a 
coding seqQeflQe which included, in the 5' to 3' direction: a 32 amino acid PAP signal 
sequence, a 3 amintraQidsequence of the mature PAP protein, an Ala Arg linker, 3 amino 
acids of HER-2 signal sequeftce^89 amino acids of the mature HER-2 membrane distal 
extracellular domain, an Ala linker, tKe^SV^-derived imunodominant octapeptide SIINFEKL 
v- (OVA257_264)> 217 amino acids of the HER2 memBfan^distal intracellular domain, an Ala Ala 
P^"^ I linker, a 127 amino acid mature rat GM-CSF sequence^no r a^eH€J5ninal tag consisting of Gly 
Ala Pro Pro Pro Pro Pro Ala His His His His His His. 

The HER300*rGM-CSF construct (SEQ ID NO: 5) was produced by expression of a 
35 coding sequence^4u^hincluded, in the 5* to 3' direction: a 32 amino acid PAP signal 

sequence, a 3 amino acidsSqueugeof the mature PAP protein, an Ala Arg linker, 3 amino 
acids of HER-2 signal sequence, 289^aTmaoacids of the mature HER-2 membrane distal 
/^^extracellular domain, an Ala linker, the OV^3Brtve4Jmunodominant octapeptide SIINFEKL 
' (OVA^^), an Ala linker, a 127 amino acid mature ratuM^GS^sequence and a C-terminal 
40 tag consisting of Gly Ala Pro Pro Pro Pro Pro Ala His His His His Hi^ttis. 

Eight- week old randomized female C57BL/6 mice were given 3 IP injections of 2.5 x 
10 5 Ag-pulsed activated DC in 0.1 ml PBS at 2-weeks intervals. Enriched preparations of 
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activated DC were obtained by incubating female C57BL/6 spleen cells in tissue culture flasks 
for 2h at 37 °C, removing non-adherent cells, and subsequently culturing the remaining 
adherent cells for 2 days in the presence of 1 jiM ionomycin (Sigma, St. Louis, MO; 
Czerniecki etal. t 1997, J. Immunol. 159: 3823; Ridge etal., 1998, Nature 393: 474). The 
5 DC obtained in this manner were pulsed by 16h co-culture with each of the indicated HER-2 
fusion proteins at 1 fiM, washed two times and injected into mice. Two weeks after the last in 
vivo immunization, mice were challenged with an IP injection of 5 x 10 5 E. HER-2 cells in 0.1 
ml PBS. Mice were monitored daily and their survival recorded. The results of two 
independent experiments are shown in Figs. 2 A and 2B, respectively. 

10 While immunization with HER500*»rGM-CSF-pulsed DC prevented the tumor 

growth, treatment with HER300*»rGM-CSF had no effect (Fig. 2A). These results are 
consistent with the results obtained in vitro in that they confirm the importance of the 
intracellular HER-2 domain derived segment in attaining a strong level of Ag presentation in 
order to generate an effective anti-tumor response. Experimental results shown in Fig. 2B 

15 demonstrate that a significant level of in vivo protection against a HER-2 expressing tumor can 
also be generated (a) when HER500-containing immunogens are either fused to the human 
GM-CSF (HER500»hGM-CSF), (b) in the absence of any GM-CSF when both an intracellular 
and extracellular portion of the HER-2 antigen is resent in the construct (HER500 and 
HER500*), and (c) in the absence of the OVA-derived peptide SIINFEKL (HER500 and 

20 HER500*hGM-CSF). 

Example 3 

In vivo suppression of an established tumor by immunization with Ag-pulsed activated DC 
The efficacy of immunotherapy with different HER-2 fusion proteins was further 

25 evaluated by administration of the HER-2 fusion proteins to tumor-bearing laboratory mice 

{i.e., animals that were pre-injected with HER-2 expressing tumor cells). Twelve-week old IP 
injection of 5 x 10 5 E. HER-2 cells in 0. 1 ml PBS on day 0, followed by 2 IP injections of 2.5 x 
10 5 Ag-pulsed activated DC in 0.1 ml PBS (prepared as described in Example 2) one and 12 
days later, respectively. Mice were monitored daily and their survival recorded. As shown in 

30 Fig. 3, treatment with DC pulsed with the HERSOO-containing antigenic constructs 

(HER500*»rGM-CSF, HER500, and HER500»hGM-CSF), exhibited a notable therapeutic 
effect, considerably prolonging the survival of tumor-bearing mice. 
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Table 2. Sequence Listing Table 2 



Description 


SEQ 
ID 
NO 


HER500 amino acid sequence: 
MRAAPLLLARAASI^LGFLFLLFFWLDR^ 

QWQGNLELTYLPTNASLSFLQDIQEVQGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNT 

TPVTGASPGGLRELQLRSLTE1LKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKG 

SRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCU^CLHFNHSGICELHCPALVTY 

NTDTraSMPNPEGRYTFGASCVTACPYNYLSTDVGSGAGGM\04HRHRSSSTRSGGGDLTLGLEPSEEEA^ 

IAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPEYVNQPDVRP 

QPPSPREGPLPAAJtPAGATT-ERAXTl^PGKNGVVKDVFAP 

YWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPAAAHHHHHH 


1 


HER500»hGM-CSF amino acid sequence: 

M RAAPLLLARAASLSLG FlFLLFFWLDRS V L AK£LARGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQ 

QWQGNLELTYLPTNASI^FLQDIQEVQGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNT 

TPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKG 

SRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTY 

OTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSGAGGMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPRSPL 

APSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPEYVNQPDVRPQP 

PSPREGPLPAARPAGATLERAKTLSPGKNGVVKDVFAFGGAVENPEYLTPQGGAAPQPHPPPAFSPAFDNLYY 

WDQDPPERGAPPSTFKGTPTAENPEYLGLDVPAAAPARSPSPSTQPWEHVNAIQEARRLLNLSRDTAAEMNET 

VEVISEMFDLQEPTCLQTRLELYKQGLRGSLTKLKGPLTMMASHYKQHCPPTPETSCATQIITFESFKENLKDFL 

LVIPFDCWEPVQEGAPPPPAAAHHHHHH 


2 


HER500* amino acid sequence: 

MRAAPLLLARAASLSLGFLFLLFFWLDRSVLAKELARGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGC 

QWQGNLELTYLPTNASLSFLQDIQEVQGYVLIAHNQVRQVPLQRLRTVRGTQLFEDNYALAVLDNGDPLNNT 

TPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKG 

SRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTY 

NTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSASIINFEKLGAGGMVHHRHRSSSTRSGGGDLTLGLEPS 

EEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPEYV 

NQPDVRPQPPSPREGPLPAARPAGATLERAKTLSPGKNGVVKDVFAFGGAVENPEYLTPQGGAAPQPHPPPAFS 

PAFDNLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPAAAHHHHHH 


3 | 


HER500*»rGM-CSF amino acid sequence: 

\/l T> A ADI IT ADA ACT CT C CI CT I VI 11*\\7T HDW/I AI/CI A D/~" A A CTA\/PTr i TnX/fV'T DI T> A CDCTUI r\\jfT DU1 '\fr\/~ , i~ l 

MKAArLLLAK/VAol^LUr LrLLrr W LDKd V LAMlLAKuAAo I ^VL 1 vj 1 UMKLKLrAorc 1 HLlJMLKriL, YvJCjC 

QVVQGNLELTYLPTNASLSFLQDIQEVQGYVLIAHNQVRQVPLQRLRTVRGTQLFEDNYALAVLDNGDPLNNT 

TPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKG 

SRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTY 

NTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSASIINFEKLGAGGMVHHRHRSSSTRSGGGDLTLGLEPS 

EEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPEYV 

NQPDVRPQPPSPREGPLPAARPAGATLERAKTI^PGKNGVVKDVFAFGGAVENPEYLTPQGGAAPQPHPPPAFS 

PAFDNLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPAAAPTRSPNPVTRPWKHVDAIKEALSLLNDMRA 

LENEKJ^EDVDIISNEFSIQRPTCVQTRLKLYKQGLRGNLTKLNGALTMIASHYQTNCPPTPETDCEIEVTT^ 

KNLKGFLFDIPFDCWKPVQKGAPPPPAHHHHHH 


4 


HER300*»rGM-CSF amino acid sequence: 

MRAAPLLLARAAS1^LGFLFLLFFWLDRSVLAK£LARGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGC 

QVVQGNLELTYLPTNASLSFLQDIQEVQGYVLIAHNQVRQVPLQRLRTVRGTQLFEDNYALAVLDNGDPLNNT 

TPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCYQDTILWKDIFHKJSfNQLALTLIDTNRSRACHPCSPMCKG 

SRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTY 

NTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSASIINFEKL^ 

MRALENEKNEDVDnSNEFSIQRPTCVQTRLIO-YKQGLRGNLTKLNGALTMIASHYQTNCPPTPETDCEIEVTTF 
EDFIKNLKGFLFDIPFDCWKPVQKGAPPPPAHHHHHH 


5 



7 All sequences are presented in single stranded form in the 5' to 3* direction. 
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HER500 nucleotide coding sequence: 

ATGAGAGCTGCACCCCTCCTCCTGGCCAGGGCAGCAAGCCT^ 

TGGCTAGACCGAAGTGTACTAGCCAAGGAGTTGGCGCGCGGGGCCGCGTCGACCCAAGTGTGCACCGGCA 

CAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACATGCTCCGCCACCTCTACCAGGG 

CTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAATGCCAGCCTGTCCTTCCTGCAG 

GATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAACCAAGTGAGGCAGGTCCCACTGCAGAGGC 

TGCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCCGTGCTAGACAATGGAGACCC 

GCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCGGGAGCTGCAGCTTCGAAGCCTC 

ACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTCTGCTACCAGGACACGATTTTGT 

GGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAGACACCAACCGCTCTCGGGCCTG 

CCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGTTCTGAGGATTGTCAGAGCCTGA 

CGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGCCCACTGACTGCTGCCATGAGCA 

GTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTGCCTCCACTTCAACCACAGTGGCA 

TCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGTTTGAGTCCATGCCCAATCCCGAG 

GGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAACTACCTTTCTACGGACGTGGGATC 

GGGCGCTGGGGGCATGGTCCACCACAGGCACCGCAGCTCATCTACCAGGAGTGGCGGTGGGGACCTGACA 

CTAGGGCTGGAGCCCTCTGAAGAGGAGGCCCCCAGGTCTCCACTGGCACCCTCCGAAGGGGCTGGCTCCG 

ATGTATTTGATGGTGACCTGGGAATGGGGGCAGCCAAGGGGCTGCAAAGCCTCCCCACACATGACCCCAG 

CCCTCTACAGCGGTACAGTGAGGACCCCACAGTACCCCTGCCCTCTGAGACTGATGGCTACGTTGCCCCCC 

TGACCTGCAGCCCCCAGCCTGAATATGTGAACCAGCCAGATGTTCGGCCCCAGCCCCCTTCGCCCCGAGA 

GGGCCCTCTGCCTGCTGCCCGACCTGCTGGTGCCACTCTGGAAAGGGCCAAGACTCTCTCCCCAGGGAAG 

AATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGAGAACCCCGAGTACTTGACACCCCAGG 

GAGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCAGCCTTCGACAACCTCTATTACTGGGAC 

CAGGACCCACCAGAGCGGGGGGCTCCACCCAGCACCTTCAAAGGGACACCTACGGCAGAGAACCCAGAG 

TACCTGGGTCTGGACGTGCCAGCGGCCGCACATCACCATCACCATCAC 


6 


HER500«hGM-CSF nucleotide coding sequence: 

ATGAGAGCTGCACCCCTCCTCCTGGCCAGGGCAGCAAGCCTTAGCCTTGGCTTCTTGTTTCTGCTri'rri'rC 

TGGCTAGACCGAAGTGTACTAGCCAAGGAGTTGGCGCGCGGGGCCGCGTCGACCCAAGTGTGCACCGGCA 

CAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACATGCTCCGCCACCTCTACCAGGG 

CTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAATGCCAGCCTGTCCTTCCTGCAG 

GATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAACCAAGTGAGGCAGGTCCCACTGCAGAGGC 

TGCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCCGTGCTAGACAATGGAGACCC 

GCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCGGGAGCTGCAGCTTCGAAGCCTC 

ACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTCTGCTACCAGGACACGATTTTGT 

GGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAGACACCAACCGCTCTCGGGCCTG 

CCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGTTCTGAGGATTGTCAGAGCCTGA 

CGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGCCCACTGACTGCTGCCATGAGCA 

GTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTGCCTCCACTTCAACCACAGTGGCA 

TCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGTTTGAGTCCATGCCCAATCCCGAG 

GGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAACTACCTTTCTACGGACGTGGGATC 

GGGCGCTGGGGGCATGGTCCACCACAGGCACCGCAGCTCATCTACCAGGAGTGGCGGTGGGGACCTGACA 

CTAGGGCTGGAGCCCTCTGAAGAGGAGGCCCCCAGGTCTCCACTGGCACCCTCCGAAGGGGCTGGCTCCG 

ATGTATTTGATGGTGACCTGGGAATGGGGGCAGCCAAGGGGCTGCAAAGCCTCCCCACACATGACCCCAG 

CCCTCTACAGCGGTACAGTGAGGACCCCACAGTACCCCTGCCCTCTGAGACTGATGGCTACGTTGCCCCCC 

TGACCTGCAGCCCCCAGCCTGAATATGTGAACCAGCCAGATGTTCGGCCCCAGCCCCCTTCGCCCCGAGA 

GGGCCCTCTGCCTGCTGCCCGACCTGCTGGTGCCACTCTGGAAAGGGCCAAGACTCTCTCCCCAGGGAAG 

AATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGAGAACCCCGAGTACTTGACACCCCAGG 

GAGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCAGCCTTCGACAACCTCTATTACTGGGAC 

CAGGACCCACCAGAGCGGGGGGCTCCACCCAGCACCTTCAAAGGGACACCTACGGCAGAGAACCCAGAG 

TACCTGGGTCTGGACGTGCCAGCGGCCGCACCCGCCCGCTCGCCCAGCCCCAGCACACAGCCCTGGGAGC 

ATGTGAATGCCATCCAGGAGGCCCGGCGTCTCCTGAACCTGAGTAGAGACACTGCTGCTGAGATGAATGA 

AACAGTAGAAGTCATCTCAGAAATGTTTGACCTCCAGGAGCCGACCTGCCTACAGACCCGCCTGGAGCTG 

TACAAGCAGGGCCTGCGGGGCAGCCTCACCAAGCTCAAGGGCCCCTTGACCATGATGGCCAGCCACTACA 

AACAGCACTGCCCTCCAACCCCGGAAACTTCCTGTGCAACCCAGATTATCACCTTTGAAAGTTTCAAAGAG 

AACCTGAAGGACTTTCTGCTTGTCATCCCCTTTGACTGCTGGGAGCCAGTCCAGGAGGGCGCGCCACCCCC 

GCCGGCGGCCGCACATCACCATCACCATCAC 
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HER500* nucleotide coding sequence: 

ATGAGAGCTGCACCCCTCCTCCTGGCCAGGGCAGCAAGCCTTAGCCTTGGCTTCTTGTTTCTGCrri'i'l'l'l'C 

TGGCTAGACCGAAGTGTACTAGCCAAGGAGTTGGCGCGCGGGGCCGCGTCGACCCAAGTGTGCACCGGCA 

CAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACATGCTCCGCCACCTCTACCAGGG 

CTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAATGCCAGCCTGTCCTTCCTGCAG 

GATATCCAGGAGGTCK:AGGGCTACGTGCTCATCGCTCACAACCAAGTGAGGCAGGTCCCACTGCAGAGGC 

TCK;GGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCCGTGCTAGACAATGGAGACCC 

GCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCGGGAGCTGCAGCTTCGAAGCCTC 

ACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTCTCK:TACCAGGACACGATTTTGT 

GGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAGACACCAACCGCTCTCGGGCCTG 

CCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGTTCTGAGGATTGTCAGAGCCTGA 

CGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGCCCACTGACTGCTGCCATGAGCA 

GTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTGCCTCCACTTCAACCACAGTGGCA 

TCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGTTTGAGTCCATGCCCAATCCCGAG 

GGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAACTACCTTTCTACGGACGTGGGATC 

CGCTAGCATCATTAATTTCGAGAAGTTGGGCGCTGGGGGCATGGTCCACCACAGGCACCGCAGCTCATCT 

ACCAGGAGTGGCGGTGGGGACCTGACACTAGGGCTGGAGCCCTCTGAAGAGGAGGCCCCCAGGTCTCCAC 

TGGCACCCTCCGAAGGGGCTGGCTCCGATGTATTTGATGGTGACCTGGGAATGGGGGCAGCCAAGGGGCT 

GCAAAGCCTCCCCACACATGACCCCAGCCCTCTACAGCGGTACAGTGAGGACCCCACAGTACCCCTGCCC 

TCTGAGACTGATGGCTACGTTGCCCCCCTGACCTGCAGCCCCCAGCCTGAATATGTGAACCAGCCAGATGT 

TCGGCCCCAGCCCCCTTCGCCCCGAGAGGGCCCTCTGCCTGCTGCCCGACCTGCTGGTGCCACTCTGGAAA 

GGGCCAAGACTCTCTCCCCAGGGAAGAATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGA 

GAACCCCGAGTACTTGACACCCCAGGGAGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCA 

GCCTTCGACAACCTCTATTACTGGGACCAGGACCCACCAGAGCGGGGGGCTCCACCCAGCACCTTCAAAG 

GGACACCTACGGCAGAGAACCCAGAGTACCTGGGTCTGGACGTGCCAGCGGCCGCACATCACCATCACCA 

TCAC 
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HER500*»rGM-CSF nucleotide coding sequence: 

ATGAGAGCTGCACCCCTCCTCCTGGCCAGGGCAGCAAGCCTTAGCCTTGGCTTCTTGTTTCTGCrri"rrrrC 

TGGCTAGACCGAAGTGTACTAGCCAAGGAGTTGGCGCGCGGGGCCGCGTCGACCCAAGTGTGCACCGGCA 

CAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACATGCTCCGCCACCTCTACCAGGG 

CTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAATGCCAGCCTGTCCTTCCTGCAG 

GATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAACCAAGTGAGGCAGGTCCCACTGCAGAGGC 

TGCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCCGTGCTAGACAATGGAGACCC 

GCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCGGGAGCTGCAGCTTCGAAGCCTC 

ACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTCTGCTACCAGGACACGATTTTGT 

GGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAGACACCAACCGCTCTCGGGCCTG 

CCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGTTCTGAGGATTGTCAGAGCCTGA 

CGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGCCCACTGACTGCTGCCATGAGCA 

GTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTGCCTCCACTTCAACCACAGTGGCA 

TCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGTTTGAGTCCATGCCCAATCCCGAG 

GGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAACTACCTTTCTACGGACGTGGGATC 

CGCTAGCATCATTAATTTCGAGAAGTTGGGCGCTGGGGGCATGGTCCACCACAGGCACCGCAGCTCATCT 

ACCAGGAGTGGCGGTGGGGACCTGACACTAGGGCTGGAGCCCTCTGAAGAGGAGGCCCCCAGGTCTCCAC 

TGGCACCCTCCGAAGGGGCTGGCTCCGATGTATTTGATGGTGACCTGGGAATGGGGGCAGCCAAGGGGCT 

GCAAAGCCTCCCCACACATGACCCCAGCCCTCTACAGCGGTACAGTGAGGACCCCACAGTACCCCTGCCC 

TCTGAGACTGATGGCTACGTTGCCCCCCTGACCTGCAGCCCCCAGCCTGAATATGTGAACCAGCCAGATGT 

TCGGCCCCAGCCCCCTTCGCCCCGAGAGGGCCCTCTGCCTGCTGCCCGACCTGCTGGTGCCACTCTGGAAA 

GGGCCAAGACTCTCTCCCCAGGGAAGAATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGA 

GAACCCCGAGTACTTGACACCCCAGGGAGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCA 

GCCTTCGACAACCTCTATTACTGGGACCAGGACCCACCAGAGCGGGGGGCTCCACCCAGCACCTTCAAAG 

GGACACCTACGGCAGAGAACCCAGAGTACCTGGGTCTGGACGTGCCAGCGGCCGCCCCCACCCGCTCACC 

CAACCCTGTCACCCGGCCCTGGAAGCATGTAGATGCCATCAAAGAAGCTCTGAGCCTCCTAAATGACATG 

CGTGCTCTGGAGAACGAAAAGAACGAAGACGTAGACATCATCTCTAATGAGTTCTCCATCCAGAGGCCGA 

CATGTGTGCAGACCCGCCTGAAGCTATACAAGCAGGGTCTACGGGGCAACCTCACCAAACTCAATGGCGC 

CTTGACCATGATAGCCAGCCACTACCAGACGAACTGCCCTCCAACCCCGGAAACTGACTGTGAAATAGAA 

GTCACCACCTTTGAGGATTTCATAAAGAACCTTAAAGGCTTTCTGTTTGATATCCCTTTTGACTGCTGGAA 

GCCGGTCCAGAAAGGCGCGCCACCCCCGCCGGCGCATCACCATCACCATCAC 
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HER300*»rGM-CSF nucleotide coding sequence: 
ATGAGAGCTGCACCCCTCCTCCTGGCCAGGGCAGC^ 

TGGCTAGACCGAAGTGTACTAGCCAAGGAGTTGGCGCGCGGGGCCGCGTCGACCCAAGTGTGCACCGGCA 

CAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACATGCTCCGCCACCTCTACCAGGG 

CTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAATGCCAGCCTGTCCTTCCTGCAG 

GATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAACCAAGTGAGGCAGGTCCCACTGCAGAGGC 

TGCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCCGTGCTAGACAATGGAGACCC 

GCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCGGGAGCTGCAGCTTCGAAGCCTC 

ACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTCTGCTACCAGGACACGATTTTGT 

GGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAGACACCAACCGCTCTCGGGCCTG 

CCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGTTCTGAGGATTGTCAGAGCCTGA 

CGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGCCCACTGACTGCTGCCATGAGCA 

GTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTGCCTCCACTTCAACCACAGTGGCA 

TCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGTTTGAGTCCATGCCCAATCCCGAG 

GGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAACTACCTTTCTACGGACGTGGGATC 

CGCTAGCATCATTAATTTCGAGAAGTTGGCCGCCCCCACCCGCTCACCCAACCCTGTCACCCGGCCCTGGA 

AGCATGTAGATGCCATCAAAGAAGCTCTGAGCCTCCTAAATGACATGCGTGCTCTGGAGAACGAAAAGAA 

CGAAGACGTAGACATCATCTCTAATGAGTTCTCCATCCAGAGGCCGACATGTGTGCAGACCCGCCTGAAG 

CTATACAAGCAGGGTCTACGGGGCAACCTCACCAAACTCAATGGCGCCTTGACCATGATAGCCAGCCACT 

ACCAGACGAACTGCCCTCCAACCCCGGAAACTGACTGTGAAATAGAAGTCACCACCTTTGAGGATTTCAT 

AAAGAACCTTAAAGGCTTTCTGTTTGATATCCCTTTTGACTGCTGGAAGCCGGTCCAGAA^ 

CCCCGCCGGCGCATCACCATCACCATCAC 
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32 amino acid PAP signal sequence: 

(corresponding to amino acids 1 to 32 of GenBank Accession No. NM 001099) 
MRAAPLLLARAASLSLGFLFLLFFWLDRSVLA 
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3 amino acid mature PAP amino acid: 

(corresponding to amino acids 33 to 35 of GenBank Accession No. NM 001099) 
KEL 
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3 amino acid HER-2 signal sequence: 

(corresponding to amino acids 19 to 21 GenBank Accession No. Ml 1730) 
GAA 
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2 amino acid linker sequence between mature PAP and HER-2 signal sequence: 
Ala Arg 
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C-terminal 9 amino acid sequence found on HER500 and HER500* constructs: 
Ala Ala Ala His His His His His His 
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C-terminal 15 amino acid sequence found in HER500-hGM-CSF: 
Gly Ala Pro Pro Pro Pro Ala Ala Ala His His His His His His 
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C-terminal 13 amino acid sequence found in HER500* and HER300* rat GM-CSF constructs: 
Gly Ala Pro Pro Pro Pro Ala His His His His His His 
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Mature human GM-CSF amino acid sequence: 

(corresponding to amino acids 18 to 144 GenBank Accession No. NM_000758) 

APARSPSPSTQPWEHVNAIQEARRLLNl^RDTAAEMNETVEVISEMroLQEPTCLQTRLELYKQGLRGSLTKLK 
GPLTMMASHYKQHCPPTPETSCATQIITFESFKENLKDFLLVIPFDCWEPVQE 
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Mature human GM-CSF nucleotide sequence: 

(corresponding to nucloetides 60 to 440 GenBank Accession No. NM 00O758) 

GCACCCGCCCGCTCGCCCAGCCCCAGCACGCAGCCCTGGGAGCATGTGAATGCCATCCAGGAGGCCCGGC 
GTCTCCTGAACCTGAGTAGAGACACTGCTGCTGAGATGAATGAAACAGTAGAAGTCATCTCAGAAATGTT 
TGACCTCCAGGAGCCGACCTGCCTACAGACCCGCCTGGAGCTGTACAAGCAGGGCCTGCGGGGCAGCCTC 
ACCAAGCTCAAGGGCCCCTTGACCATGATGGCCAGCCACTACAAGCAGCACTGCCCTCCAACCCCGGAAA 
CTTCCTGTGCAACCCAGACTATCACCTTTGAAAGTTTCAAAGAGAACCTGAAGGACTTTCTGCTTGTCATC 
CCCTTTGACTGCTGGGAGCCAGTCCAGGAG 
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Mature rat GM-CSF amino acid sequence: 

(corresponding to amino acids 1 to 127 GenBank Accession No. U00620) 

APTRSPNPVTRPWKHVDAIKEAI^LLNDMRALENEKNEDVDHSNEFSIQ 
GALTMIASHYQTNCPPTPETDCEIEVTTFEDnKNLKGP 7 LFDIPFDCWKPVQK 


20 


Mature rat GM-CSF nucleotide sequence: 

(corresponding to nucleotide 1 to 381 GenBank Accession No.U00620) 

GCACCCACCCGCTCACCCAACCCTGTCACCCGGCCCTGGAAGCATGTAGATGCCATCAAAGAAGCTCTGA 
GCCTCCTAAATGACATGCGTGCTCTGGAGAACGAAAAGAACGAAGACGTAGACATCATCTCTAATGAGTT 
CTCCATCCAGAGGCCGACATGTGTGCAGACCCGCCTGAAGCTATACAAGCAGGGTCTACGGGGCAACCTC 
ACCAAACTCAATGGCGCCTTGACCATGATAGCCAGCCACTACCAGACGAACTGCCCTCCAACCCCGGAAA 
CTGACTGTGAAATAGAAGTCACCACCTTTGAGGATTTCATAAAGAACCTTAAAGGCTTTCTGTTTGATATC 
CCTTTTG ACTGCTGG AAGCC GGTCC AG AAA 
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Reporter peptide in constructs HfcKoUU* and Hb-KDW^ratUM-Cbr. 
(OVA-derived imunodominant oct^peptide SIINFEKL (OVA^.^)) 
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289 amino acids of mature HER-2 membrane distal extracellular domain: 
(amino acids 22 to 310 of GenBank Accession No. Ml 1730) 

STQVCTGTDMKLRLPASPETHLDMLRHLYQGCQWQGNLELTYLPTNASLSFLQDIQEVQGYVL1AHNQVRQV 
PLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCYQDTIL 
WKDIFHKNNQI^LTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCA 
AGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGS 
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coding sequence for 289 amino acids of mature HER-2 membrane distal extracellular domain: 
(nucleotides 214 to 1080 of GenBank Accession No. Ml 1730) 

AGCACCCAAGTGTGCACCGGCACAGACATGAAGCTGCGGCTCCCTGCCAGTCCCGAGACCCACCTGGACA 

TGCTCCGCCACCTCTACCAGGGCTGCCAGGTGGTGCAGGGAAACCTGGAACTCACCTACCTGCCCACCAA 

TGCCAGCCTGTCCTTCCTGCAGGATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAACCAAGTG 

AGGCAGGTCCCACTGCAGAGGCTGCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGG 

CCGTGCTAGACAATGGAGACCCGCTGAACAATACCACCCCTGTCACAGGGGCCTCCCCAGGAGGCCTGCG 

GGAGCTGCAGCTTCGAAGCCTCACAGAGATCTTGAAAGGAGGGGTCTTGATCCAGCGGAACCCCCAGCTC 

TGCTACCAGGACACGATTTTGTGGAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATAG 

ACACCAACCGCTCTCGGGCCTGCCACCCCTGTTCTCCGATGTGTAAGGGCTCCCGCTGCTGGGGAGAGAGT 

TCTGAGGATTGTCAGAGCCTGACGCGCACTGTCTGTGCCGGTGGCTGTGCCCGCTGCAAGGGGCCACTGC 

CCACTGACTGCTGCCATGAGCAGTGTGCTGCCGGCTGCACGGGCCCCAAGCACTCTGACTGCCTGGCCTG 

CCTCCACTTCAACCACAGTGGCATCTGTGAGCTGCACTGCCCAGCCCTGGTCACCTACAACACAGACACGT 

TTGAGTCCATGCCCAATCCCGAGGGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGTCCCTACAAC 

TACCTTTCTACGGACGTGGGATCC 
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217 amino acids of the membrane distal intracellular HER-2 domain: 
(amino acids 1038 to 1254 of GenBank Accession No. Ml 1730) 

GAGGMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQ 
RYSEDPTVPLPSETDGYVAPLTCSPQPEYVNQPDVRPQPPSPREGPLPAARPAGATLERAKTLSPGKNGVVKDV 
FAFGGAVENPEYLTPQGGAAPQPHPPPAFSPAFDNLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVP 
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coding sequence for 217 amino acids of the membrane distal intracellular HER-2 domain: 
(nucleotides 3262 to 3912 of GenBank Accession No. Ml 1730) 

GGCGCTGGGGGCATGGTCCACCACAGGCACCGCAGCTCATCTACCAGGAGTGGCGGTGGGGACCTGACAC 

TAGGGCTGGAGCCCTCTGAAGAGGAGGCCCCCAGGTCTCCACTGGCACCCTCCGAAGGGGCTGGCTCCGA 

TGTATTTGATGGTGACCTGGGAATGGGGGCAGCCAAGGGGCTGCAAAGCCTCCCCACACATGACCCCAGC 

CCTCTACAGCGGTACAGTGAGGACCCCACAGTACCCCTGCCCTCTGAGACTGATGGCTACGTTGCCCCCCT 

GACCTGCAGCCCCCAGCCTGAATATGTGAACCAGCCAGATGTTCGGCCCCAGCCCCCTTCGCCCCGAGAG 

GGCCCTCTGCCTGCTGCCCGACCTGCTGGTGCCACTCTGGAAAGGGCCAAGACTCTCTCCCCAGGGAAGA 

ATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGAGAACCCCGAGTACTTGACACCCCAGGG 

AGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCAGCCTTCGACAACCTCTATTACTGGGACC 

AGGACCCACCAGAGCGGGGGGCTCCACCCAGCACCTTCAAAGGGACACCTACGGCAGAGAACCCAGAGT 

ACCTGGGTCTGGACGTGCCA 
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NY-ESO-IC Amino Acid Sequence: amino acids 1 to 180 of GenBank Accession No. U87459 fused to the 217 amino 
acids of membrane distal intracellular HER-2 domain (amino acids 1038 to 1254 of GenBank Accession No. Ml 1730) 


27 




31 



+ 



AttMey Docket No. 7636-0022.30 



NY-ESO-IC DNA Sequence: nucleotides 54 to 593 of GenBank Accession No. U87459 fused to the coding sequence 
for the 217 amino acids of the membrane distal intracellular HER-2 domain (nucleotides 3262 to 3912 of GenBank 
Accession No. Ml 1730): 
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SART3-IC Amino Acid Sequence: amino acids 1 to 962 of GenBank Accession No. AB020880 fused to the 217 amino 
acids of membrane distal intracellular HER-2 domain (amino acids 1038 to 1254 of GenBank Accession No. Ml 1730) 
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SART3-IC DNA Sequence: nucleotides 20 to 2905 of GenBank Accession No. AB020880 fused to the coding 
sequence for the 217 amino acids of the membrane distal intracellular HER-2 domain (nucleotides 3262 to 3912 of 
GenBank Accession No. Ml 1730) 
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